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ABSTRACT
Luthy, Stephen T . ,  M .S . .  Spring, 1981 Geology
Petrology o f  Cretaceous and T e r t ia r y  In t ru s iv e  Rocks, Red Moun- 
t a in -B u l l  Trout Point Area, Boise, Va l ley  and Custer Counties, 
Idaho V V \
4)^D irec tor :  David A l t
F ie ld ,  pétrographie,  and chemical data ind icate  that  four  
m in era lo g ica l ly  and t e x t u r a l l y  d is t in c t  Cretaceous rock units  
e x is t  in the Red Mountain-Bull Trout Point area, Idaho. Although 
contact re la t io n s  are obscure, megacryst-bearing fo l ia te d  grano- 
d i o r i t e  may be a deformed and p a r t ly  remobil ized ear ly  phase 
emplaced a t  r e l a t i v e ly  high levels  in the b a th o l i th .  p la te r  
b a t h o l i th ic  phases include granodior i te  porphyry and granodior i te  
which is  the most abundant rock type. Leucocratic gran ite  is a 
la te -s ta g e  d i f f e r e n t i a t e  emplaced along s tructu ra l  planes of  
weakness in older b a th o l i th ic  rocks including a west-northwest  
trending shear zone north of Red Mountain. In th is  area, a swarm 
of  leucocrat ic  gran i te  dikes and surrounding older b a th o l i th ic  
rocks contain magnetite megacrysts. The megacrysts were formed 
during lo c a l i z a t io n  of a w a te r - r ic h  melt  phase la te  in the crys­
t a l l i z a t i o n  h is tory  o f  these dikes.
Two in t ru s iv e  assemblages of probable Eocene age are recog­
nized: a quartz d i o r i t e  stock with associated l a t i t e  and quartz
l a t i t e  dikes; and a pink gran i te  pluton with a d i f f e r e n t ia te d  cap 
and marginal facies of a la s k i te  and re la ted  r h y o l i t e  dikes. In 
add it ion  to t h e i r  close chemical a f f i n i t i e s ,  members of  each of  
the two groups have a s im i la r  mineralogy and display consistent  
s p a t ia l  and temporal re la t io n s .  In each case, dikes ramified  
from t h e i r  la rg er  plutonic source and were in jected before,  
during,  and a f t e r  f in a l  emplacement of  the re la ted  pluton. North- 
to northeast- trending high-angle normal fa u l ts  and fractures  con­
t r o l l e d  emplacement of  the plutons and th e i r  associated dike  
rocks. Approximately 35 percent northwest-southeast crustal  
extension is indicated based upon the cumulative thickness of  
dike rocks in the area. Each in tru s ive  center was fo r c ib ly  
emplaced to depths o f  less than 2 kilometers in th is  north- to 
northeast- trend ing extensional zone which is in terpre ted  as an 
in c ip ie n t  crusta l  r i f t .
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CHAPTER I 
INTRODUCTION
The primary object ives o f  th is  s tu d y  were to describe the petro­
graphy and f i e l d  re la t io n s  of  a sequence of Cretaceous and T e r t ia r y  
in t ru s iv e  rocks in south-central  Idaho and use th is  information to 
determine the in t ru s iv e  h is tory  o f  the area. This report  presents 
f i e l d ,  pé trograph ie ,and chemical data on these rocks in terms of a 
possible tectono-magmatic environment.
The area is underlain by g r a n i t ic  rocks o f  the Cretaceous-age 
Idaho b a th o l i th  which are intruded by g r a n i t i c  and dike rocks of  
e a r ly -  to m id -T e r t ia ry  age. G ra n i t ic  rocks in the area range in com­
posit ion from g ran i te  to quartz d i o r i t e .  Dike rocks vary in compo­
s i t io n  from r h y o l i t e  to b a s a l t ,  however, most dikes are between l a t i t e  
and r h y o l i t e  in  composition. Other l i th o lo g ie s  present in the area 
include Precambrian(?) metamorphic rocks and unconsolidated Quater­
nary deposits.
Location of  Study Area
The study area is in the C h a l l is  and Boise National Forests,  
approximately 30 kilometers northeast of Lowman, Idaho (F ig .  1 ) .  Bull  
Trout Point l i e s  near the northeastern corner and Red Mountain occupies 
the southwestern corner of  the map area. Access to the area may be 
gained by C lear  Creek Road leading northeast from Lowman or by Forest 
Service roads leading in to  Bull Trout Lake from Route 21. Forest
o.
i-n
r
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Service-maintained pack t r a i l s  enter  in to  the area from these roads.
The irregu lar ly -shaped  f i e l d  area is  bordered on the east by 
the 115^15’ long itud ina l  l in e  and on the south by the 44*^15' l a t i t u d in a l  
l i n e .  Northern and western boundaries r e f l e c t  lo g is t ic a l  l im i ta t io n s .  
Approximately 64 square kilometers were mapped during the months of  
July and August.
Previous Work
Rocks in the area have received cursory examination in previous 
reconnaissance geologic mapping. The geologic map of Idaho (Bond,
1978) shows th a t  u n d i f fe re n t ia te d  Cretaceous-age g r a n i t i c  rocks underly 
most of  the area with patches o f  T e r t ia r y  g r a n i t i c  rocks north of  Bull  
Trout Lake and a swarm of  northeast- trending dikes in the v i c i n i t y  of  
Red Mountain. A geologic study o f  rare  earth placer  deposits in the 
Bear Va l ley  d i s t r i c t  made by Mackin and Schmidt (1953) mentions three  
types o f  bedrock: medium-grained and coarse-grained gran i te  and gra­
n i te  porphyry, with a l l  gradations between them. Their  study revealed 
a d i s t i n c t l y  l a t e r  system of porphyry d ikes ,  ranging from ac id ic  to 
basic,  well-exposed in the cirque walls  on the north and east sides 
of Red Mountain.
Reconnaissance mapping by Olson (1968) revealed a small T e r t ia r y  
stock of  quartz monzonite near Red Mountain and two la rger  masses of  
T e r t ia r y  pink g ra n i te  north and west of  Bull Trout Lake. A northeast-  
trending swarm of  l a t i t e ,  quartz l a t i t e ,  and r h y o l i t e  dikes forms a 
conspicuous geologic element. Olson suggested th a t  a t  le as t  some of
the dikes in the Red Mountain area are re la ted  to the T e r t ia r y  quartz  
monzonite stock. The strong northeast trend of  the dikes was a t t r i ­
buted to pervasive northeast f ra c tu r in g  w i th in  older  b a th o l i th ic  rocks.
In reconnaissance geologic studies to the east and southeast,
Reid (1963) and K i i lsgaard  (1970) describe coarse-grained. T e r t ia r y  
pink g ra n i te  of the Sawtooth b a th o l i th  and a v a r ie ty  o f  T e r t ia r y  dikes 
ranging from r h y o l i t e  to b a s a l t .  Both authors also describe g r a n i t ic  
rocks of  the Cretaceous Idaho b a th o l i th  including leucocrat ic  quartz  
monzonite which was in te rp re ted  as a la te -s ta g e  d i f f e r e n t i a t e  of  older  
b a th o l i th ic  rocks.
This Study
The present study was par t  of  a United States Geological Survey 
in ves t iga t ion  of  the mineral resource p o ten t ia l  of  the C h a l l is  two- 
degree quadrangle, Idaho. Financial  aid and lo g is t i c a l  support were 
provided by the U. S. Geological Survey. F ie ld  data were recorded 
onto 1:24,000 topographic base maps. Aer ia l  photos were used fo r  pre­
l im inary  id e n t i f i c a t io n  of  in t ru s iv e  contacts,  f a u l t s ,  and Quaternary 
deposits. The area of th is  study is contained on U. S. Geological 
Survey Bull Trout Point and Cache Creek 7h* quadrangle sheets.
Thirteen major bedrock l i t h o lo g ie  units  were mapped (P la te  1) .
A l l  units were d i f f e r e n t i a t e d  in the f i e l d  on the basis of  hand speci­
men and outcrop c h a r a c te r is t ic s .  In a few cases, l a t e r  th in -se c t io n  
examination resulted in the r e c la s s i f i c a t io n  of p a r t ic u la r  outcrops. 
Outcrops o f  most l i th o lo g ie  units are abundant, p a r t ic u l a r l y  a t  higher  
e le v a t io n s ,  and s t ru c tu ra l  data in these areas is  r e l i a b l e .  At lower
e le v a t io n s ,  or where there is  abundant vegetat ive  cover, units were 
mapped p r im a r i ly  on the basis o f  "rubble" — loose, unconsolidated 
m ater ia l  presumed to be lo c a l ly  derived on the basis of  l i t h o lo g ie  
coninuity  or geographic loca t ion .
CHAPTER I I  
REGIONAL GEOLOGY 
Li th o lo q ies
The region is underlain by rocks o f  the Cretaceous Idaho ba th o l i th  
and by T e r t ia r y  in t ru s iv e  bodies, including shallow level  plutons,  
hypabyssal stocks, and dikes. Exposures of  Precambrian(?) metamorphic 
rocks e x is t  throughout the core of the Idaho Porphyry B e l t .  Figure 2 
shows the regional geology and Figure 3 shows the ou t l in e  of  the 
Idaho Porphyry B e l t .
Precambrian(?) Rocks
The o ldest known rocks in the region, the metamorphosed rocks of  
the Thompson Peak Formation (Reid, 1963) are found lo c a l ly  along 16 
kilometers of the eastern f ro n t  of  the Sawtooth Mountains. The near­
est  exposures o f  the rocks are approximately seven miles east o f  Bull 
Trout Lake. Feldspathic sc h is t ,  f e ld s p a r - r ic h  granofe ls ,  and l ime-  
s i l i c a t e  granofels comprise most of  the Thompson Peak Formation in the 
Sawtooth Range. Xenoli ths are found lo c a l ly  w ith in  the Idaho and Saw­
tooth b a th o l i th s .  Reid (1963) considered those metamorphic rocks, 
which show more complex deformation and higher grade metamorphism than 
nearby Paleozoic rocks, to be Precambrian in age because they resemble 
the Wallace Formation of the Proterozoic B e l t  Supergroup in northern  
Idaho.
Figure 2. Regional geology. Precambrian 
metamorphic rocks shown in wavy dashed 
pattern, granitic rocks of the Idaho 
batholith in crystalline pattern, leuco­
cratic quartz monzonite of Cretaceous age 
in ruled pattern, and Tertiary plutonic 
rocks in stipled pattern. Dikes (short 
dashes) shown schematically. Modified 
from Rember and Bennett, 1979.
REGIONAL GEOLOGY
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Pa1eozoic(?) Rocks
Remnants and roo f  pendants o f  u n d i f fe re n t ia te d  metamorphosed 
sedimentary rocks are exposed north o f  a l in e  between Bull Trout Lake 
and Red Mountain. Their  ages are uncertain.  Olson (1968) considered 
these rocks to be lower Paleozoic and possibly Ordovician in age 
because they resemble the K inn ik in ic  Q uar tz i te  and because Ross (1934)  
considered nearby rocks to be O rd ov ic ia n (? ) . Finely-laminated quartz ­
i t e  in te rc a la ted  with  marble and c a l c - s i 1ic a te  members comprise most 
of these rocks.
In the Casto quadrangle, Ross (1934) found schists which lay un- 
conformably under limestone and q u a r tz i te  of possible Ordovician,  
or as Ross (1962) l a t e r  suggested, of  possible B e l t ian  age. The pro­
nounced angular unconformity a t  the top o f  the schists led Ross to 
assign them an Algonkian age. Mapping fa r th e r  to the southwest in 
the Seafoam Mining D i s t r i c t ,  Treves and Melear (1953) mention highly  
f o l i a t e d  and contorted schists gradational in to  qu a rtz i tes  which 
they designate as Algonkian and Ordovician, res p ec t ive ly .
Ages of 58 1.7 m.y. ( b i o t i t e )  and 63.6 ±  1.9 m.y. (muscovite)
were obtained by Rychener (pers. comm., i_n Olson, 1968) on a muscovite 
b i o t i t e  sch is t  about 17 miles northwest of Stanley. These minimum 
ages may r e f l e c t  Mesozoic metamorphism during emplacement of the Idaho 
b a th o l i th  or p a r t ia l  argon release during emplacement o f  the nearby 
Sawtooth b a th o l i th .
10
Idaho B a th o l i th
The Idaho b a th o l i th  is  a composite body, consisting of  numerous 
g r a n i t i c  to g ra n o d io r i t ic  plutons (Hyndman and W il l iam s,  1977; W il l iams,  
1977; Mold, 1974). Evidence fo r  a mesozonal to catazonal depth of  
emplacement includes: reg io n a l ly  concordant and gradational contacts
with surrounding high-grade re g io n a l ly  metamorphosed sedimentary rocks, 
subsol vus mineralogy of  most p lu tonic  rocks, abundant m igmatit ic  tex ­
tures ,  and the absence of  g e n e t ic a l ly - r e la te d  volcanic rocks (Hyndman, 
1972). The anomalous pos it ion  o f  th is  major pluton east o f  the Cor- 
d i l l e r a n  b a th o l i th ic  trend, and i t s  d iv is io n  in to  two geographically -  
d i s t in c t  p a r ts ,  renders i t  unique among C o rd i l le ran  b a th o l i th s .  The 
two parts o f  the body are separated by 1500 m .y . -o ld  high-grade 
metamorphic rocks of the Salmon River Arch (Armstrong, 1975). The 
northern and southern parts of  the b a th o l i th  have been ca l led  the 
B i t t e r r o o t  and A t lanta  Lobes, res p ec t ive ly .
Country rocks adjo ining the At lanta  lobe on the north and north­
east are B e l t  and p re -B e lt  basement schists and gneisses; those on 
the east are lo c a l ly  Precambrian(?) metamorphic rocks (Dover, 1969;
Reid, 1963).  Along the western border, the country rocks are meta­
morphosed submarine volcanic rocks of  probable Permo-Triassic age. 
Devonian to Permian marine c l a s t i c  rocks are th rus t  eastward away from 
the b a th o l i th .  Much o f  the A t lan ta  lobe-country rock in te r fa c e  is 
covered by younger rocks, predominantly T e r t ia r y  continental volcanic  
rocks. Miocene flood basalts and Pliocene f l u v i a l  and lacustr ine  
sediments occur west of the A t lan ta  lobe; on the south are Pliocene
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welded t u f fs  and Pleistocene Snake River P la in  f lood basalts .
C h a l l is  volcanics o f  Eocene age and re la te d  shal low-leve l  p lutonic  
bodies overlap the b a th o l i th  along i t s  eastern margin.
Much of  the region (F ig .  2) is underlain by rocks comprising the 
Atlan ta  Lobe of  the Cretaceous-age Idaho b a th o l i th .  Armstrong (1976)  
suggests tha t  the age of  the At lanta  Lobe may be between 75-100 m.y. 
Ages o f  69.6 2 m.y. ( b i o t i t e ) ,  71.2 + 2 m.y. ( b i o t i t e ) ,  and 7 7 + 4
m.y. (Rb-Sr, whole rock) were reported by Armstrong (1975) fo r  medium- 
grained, p o rp h yr i t ic  b i o t i e  granod ior i te  and adam ell i te  rocks belong­
ing to the Idaho b a th o l i th  on Bear Val ley  Mountain approximately 6 k i l o ­
meters north of Red Mountain. These ages presumably represent minimum 
ages due to a profound igneous-hydrothermal- tectonic event in Eocene 
time which p a r t i a l l y - t o - t o t a l l y  reset K/Ar dates to approximately 50 
m.y. (C r is s ,  1980; Criss and Tay lo r ,  1978; Armstrong, 1976).
In the Sawtooth P r im i t iv e  Area, the b a th o l i th  is composed of  
g rano d io r i te  and quartz monzonite, and minor quartz d io r i t e  ( K i i l s ­
gaard, 1970). Reid (1963) mentions compositional zones in the same 
area with more a l k a l i - r i c h  phases concentrated towards the east.
Schmidt (1964) recognized f i v e  gradational  be lts  along a 35 mile  sec­
t ion  in the la t i tu d e s  o f  McCall and Cascade. His reconnaissance pétro­
graphie sampling suggested tha t  a border zone of  basic quartz d i o r i t e  
migmatite and gneiss gives v/ay eastward to successively more a l k a l i -  
r ic h  phases culminating in a quartz monzonite b e l t  in the Warm Lake 
area. Textural va r ia t ion s  range from medium- and f in e -g ra in ed  v a r ie ­
t ie s  to s t r i k in g  po rp h yr i t ic  textures fea tu r ing  large megacrysts of  
K -fe ld spar ,  and in some cases, quartz .
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Leucocratic Quartz Monzonite
S ig n i f ic a n t  amounts of  f in e -  to medium-grained, equigranular leu ­
coc ra t ic  quartz monzonite e x is t  w i th in  the region. Such rocks have 
been reported by Ross (1934) in the Casto quadrangle, Anderson (1947) 
east o f  Idaho C i ty  in the Boise Basin, Reid (1963) and K i i lsgaard  
(1970) in the Sawtooth Mountains, and Bennett (1973) in the White Cloud 
Wilderness. The u n i t  is character ized by a def ic iency o f  mafic con­
s t i tu e n ts ,  p a r t i c u la r l y  b i o t i t e .  S im i la r  mineralogies have led some 
workers to in t e r p r e t  the leucocrat ic  u n i t  as a la te  stage d i f f e r e n t i a t e  
of Idaho b a th o l i th ic  rocks, and th is  u n i t  cons is tent ly  cuts a l l  other  
b a th o l i th ic  phases. The leucocrat ic  rock commonly occurs as discor­
dant sheets and i r regu lar ly -shaped  masses.
Absolute ages of  the leucocrat ic  rock are unknown. Reid (1963)  
noted tha t  the u n i t  generated a su i te  of  pegmatite and a p l i t e  phases 
d i s t i n c t l y  d i f f e r e n t  from those o f  the Idaho b a th o l i th .  K i i lsgaard  
(1970) reported angular xenoli ths o f  b a th o l i th - r e la te d  granodior i te  
w ith in  the younger quartz monzonite. F ie ld  work during 1979 in the 
10-Mile RARE I I  Wilderness noted s im i la r  re la t io n s  a t  the head of  Big 
S i lv e r  Creek, however, pink g ra n i te  of  known or suspected Eocene age 
(44-46 m .y . )  intrudes the quartz monzonite. The leucocrat ic  rock is ,  
there fo re ,  considered intermediate  in age between Chal1is - r e la te d  
in t rus ives  and Cretaceous Idaho b a th o l i th ic  rocks. These constraints  
place the age of the u n i t  as being o f  very l a t e s t  Cretaceous or Ear ly -  
T e r t ia r y  age.
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T e r t ia r y  Granit ic  Rocks
T e r t ia r y  g r a n i t i c  rocks form coarse-grained, epizonal stocks and 
plutons. Two groups o f  T e r t ia r y  b a tho l i th s  and stocks e x is t  w i th in  
the region; a large group o f  d i s t i n c t i v e  quartz monzonite-granite  
plutons and a smaller but s ig n i f i c a n t  number of  quartz d i o r i t e  to 
quartz monzonite in trus ions (Bennett ,  1980).
The most e a s i ly  recognized of the T e r t ia r y  p lutonic  rocks are 
pink b i o t i t e  g ra n i te  stocks and ba tho l i ths  which are widespread in 
both the B i t t e r r o o t  and At lanta  lobes (Bennett ,  1980; Hyndman and 
Will iams, 1977). Some c h a ra c te r is t ic s  shared by th is  group, including  
the Sawtooth and Casto plutons, ind ica te  shallow emplacement: miaro-
l i t i c  c a v i t ie s  containing smoky quartz c rys ta ls  and sharp, discordant  
contacts are two such featu res .  The quartz d i o r i t e  to quartz mon­
zonite  and granod ior i te  group includes the Boise Basin quartz d io r ­
i t e  (Anderson, 1947),  the T r i n i t y  Mountain quartz d i o r i t e  (Bennett,  
1980), the Red Mountain quartz monzonite (Olson, 1968),  granodior i te  
of Jackson Peak (K i i ls g a a rd ,  in p r e p . ) ,  quartz d i o r i t e  in the Casto 
quadrangle (Ross, 1934), and several other  small stocks (K i i ls g a a rd ,  
pers. comm., 1980).
Many plutons that  have not been dated are believed to be T e r t ia r y  
in age becuase they c losely  resemble dated plutons. Cater (1973)  
reports tha t  a s ing le  potassium-argon determination on mica y ie lded  
an age of 42.7 m.y. fo r  the Casto pluton. Potassium-aryon determina­
t ions on b i o t i t e  gave ages o f  around 44 m.y. fo r  pink g ra n i te  of  the 
Sawtooth b a th o l i th  (Armstrong, 1975). K i i lsgaard  (pers. comm., 1981)
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reports concordant potassium-argon ages on b i o t i t e  of  46 m.y. fo r  the 
granod ior i te  of Jackson Peak.
T e r t ia r y  Dikes
Dikes are abundant throughout the region and form a nearly  contin­
uous swarm connecting the in t ru s iv e  centers o f  the Boise Basin and the 
Casto quadrangle. According to Olson (1968) ,  the dikes vary in compo­
s i t io n  from diabase, dark andésites, and f in e -g ra in e d  d i o r i t e  through 
l a t i t e ,  quartz l a t i t e  and r h y o l i t e .  In trus ion of  the dikes may have 
followed an imperfect d i f f e r e n t i a t i o n  sequence, becoming progressively  
more ac id ic  with time (Olson, 1968).
The dikes tend to concentrate in swarms of  d i f f e r e n t  preferred  
d ire c t io n s .  Olson (1963) describes dikes swarms in the Boise Basin, 
M i l l e r  Creek, Red Mountain, Seafoam, C l i f f  Creek, Ruffneck Peak, and 
Beaver Creek areas. With few exceptions, he shows tha t  dikes f a l l  in to  
a system of two sets; a dominant north-northeast  trending se t ,  and a 
secondary set trending east-northeast .
Absolute ages o f  the dike swarms are unknown. Most dikes crosscut 
Idaho b a th o l i th ic  rocks and are there fo re  T e r t ia r y  in  age. A single  
Rb-Sr whole rock age determination of 38.5 1.2 m.y. was reported by
Olson (1968) on quartz l a t i t e  porphyry co l lec ted  adjacent to the 
Boise Basin dike swarm west of  Lowman. Many of  the swarms in the 
region are re la ted  s p a t i a l l y  to in t ru s iv e  masses o f  known or suspected 
Eocene age, however, some of the dikes cut these in trus ives  (Olson, 
1968; K i i ls g a a rd ,  1970; Reid, 1963).
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Idaho Porphyry B e l t
Ear ly  T e r t ia r y  dikes are concentrated in a broad northeast- trending  
zone throughout south-central  Idaho and southwestern Montana. The 
d ikes ,  which vary in composition from basa l t  to r h y o l i t e ,  have been 
grouped together and ca l led  the Idaho Porphyry B e l t  (F ig .  3 ) ,  or less 
commonly, the Anaconda Rnage Dike Swarm (Badgely, 1965).  Previous 
workers in the Idaho Porphyry B e l t  include Ross (1934) ,  Anderson (1947) ,  
Donovan (1962) ,  Olson (1968 ) ,  and Badley (1977) .  The "type area" fo r  
the b e l t  is  located in the Boise Basin (Anderson, 1947) and many of  
the dikes belonging to the b e l t  are found in areas containing economic 
base and precious metal deposits.  Dikes are not always found with a 
corresponding area of  m in e ra l iz a t io n ,  however, the re la t io n s h ip  
between m in e ra l iza t io n  and in trus ion  of  dikes has been described by 
Donovan (1962).
A pre -ex is t ing  zone of s t ru c tu ra l  weakness has been ca l led  upon 
by recent workers (Hyndman, Badley and Rebal, 1977; Olson, 1968) to 
account fo r  the emplacement and length ( approximately 400 km) of  the 
Idaho Porphyry B e l t .  Residual Bouguer anomaly maps from surveys in 
central  Idaho and western Montana ind ica te  major northeast-trending  
l ineaments defined by pronounced, loca l ized  g ra v i ty  lows, extending 
from south-centra l  Idaho to southwestern Montana (Smith, 1967; Eaton 
and others,  1978; B a l la rd ,  1980). The b e l t  also coincides with  a 
broad northeast- trend ing oval g ra v i ty  lov/ across centra l  Idaho which 
in turn coincides w ith  an axis of  high (>2,1000 m) topography (Eaton 
and others,  1978). This elevated topographic surface north of  the
Figure 3. Map of Idaho showing outline of Idaho
Porphyry Belt. Cretaceous rocks of the 
Idaho batholith outlined with solid line. 
Tertiary plutons in stipled pattern, and 
Challis Volcanics in ruled pattern.
Study area shown in black.
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centra l  and eastern Snake River P la in  is s im i la r  in loca t ion ,  config­
u ra t io n ,  and trend to a surface of Eocene topography reconstructed by 
Axelrod (1968) .  The broadly domed Eocene surface coincides c losely  
with the o u t l in e  of the Idaho Porphyry B e l t  which contains s ig n i f ic a n t  
amounts o f  Eocene volcanic and in t ru s iv e  rocks.
I t  has been suggested (Eaton and others,  1978) tha t  these features  
may represent products of  reg ion a l ,  thermo-magmatic u p l i f t .  The asso­
ciated g ra v i ty  low may ind ica te  the addit ion of  p r im a r i ly  Eocene low 
density in t ru s iv e  m ater ia l  to th is  port ion of the crust .  Emplacement 
of dikes w ith in  the b e l t  may have been caused by gentle  crustal  up- 
warping and consequent f ra c tu r in g  in th is  region during emplacement of  
C h a l l is - r e la t e d  in t ru s iv e  m a te r ia l .
CHAPTER I I I  
DESCRIPTION OF MAP UNITS
The geologic map (P la te  1) shows the d is t r ib u t io n  of a l l  major 
rock units w ith in  the area as well  as the locat ion and trend of  major 
f a u l ts .  In the fo l lowing d e s cr ip t ion ,  each u n i t  is character ized by 
both hand specimen and th in  section study, in order of age from oldest  
to youngest.
Precambrian(?) Metamorphic Rocks
The oldest rocks in the study are metamorphic roof pendants o f  
marble and u n d i f fe re n t ia te d  metamorphic rocks including q u a r t z i te ,  
b i o t i t e  s ch is t ,  marble, and b i o t i t e  quartzo - fe ldspath ic  gneiss. Age 
of these rocks is uncerta in ,  and i t  is possible tha t  they may be wholly  
or in par t  o f  Paleozoic age.
Marble — pCm
The bulk of  metamorphic rocks are composed of cream to greenish-  
white limestone and marble. Marble also forms the la rgest  roof pen­
dants which crop out on the r idge east of  Spring Creek. Two such 
remnants exceed 300 meters in length while  several others are greater  
than 150 meters in length. Minor amounts o f  calcareous schist  and b io ­
t i t e  hornfels occur w ith in  the la rger  marble pendants which weather to  
form prominent tan- to bu f f -co lo red  b l u f f  exposures. Structures  
w ith in  the marble are i s o c l i n a l l y  folded layers from tv/o to f iv e
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centimeters th ick  which vary in r e la t i v e  amounts o f  s i l i c a  and lime.
The layer ing is  not always d is c e rn ib le ,  is genera l ly  discontinuous,  
and may represent primary sedimentary features or the e f fec ts  of  
metamorphic d i f f e r e n t i a t i o n .
In th in  sect ion ,  quartz (10-40 percent ) ,  diopside (30 percent ) ,  
w ollas ton i te  (5 -25  percent) nr c a lc i t e  (5 percent) are the primary 
mineral const i tuents .  Minor amounts o f  p lag ioclase and/or K-fe ldspar  
may also be present. Quartz is stra ined but grains are not oriented  
whereas elongate w o l la s to n i te  subhedra usually  display a weak l in e a t io n  
Layering is  defined by q u a r tz - r ic h  and d io p s id e -c a lc i te -w o l la s to n i te -  
r ich  layers .  The rock is genera l ly  fresh with l i t t l e  or no ind ica t ion  
of a l te r a t io n .
U n d i f fe ren t ia ted  Metamorphic Rocks — pCu
A small ,  elongate c lu s te r  of  r e l a t i v e l y  small metamorphic rem­
nants crop out north o f  Cat Lakes in the western portion of  the map 
area. The c lu s te r  trends approximately west-northwest and consists  
of q u a r t z i t e ,  b i o t i t e  sc h is t ,  marble, and b i o t i t e  quartzo- fe ldspath ic  
gneiss. L ig h t - ta n  to brown, massive q u a r t z i te  and greyish-tan to 
rust-co lored f in e -g ra in ed  calcareous sch is t  make up most of the small 
remnants in the Cat Lakes area.
Discussion
The metamorphic roof pendants are genera l ly  composed of  numerous, 
polygonally-shaped blocks surrounded by th ic k ,  continuous dikes of  
coarse-grained pegmatite and a p l i t e .  Figure 4 shows one o f  the la rger
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remnants which crop out on the r idge east o f  Spring Creek. The a p l i t e  
and pegmatite often form s u b -p a ra l le l ,  closely-spaced dikes and dike-  
le ts  which a l te r n a te  with layers o f  the country rock. In several  
l o c a l i t i e s ,  the dikes display complex is o c l in a l  fo ld in g .  Axes of  
these folds usually p a r a l le l  the dominant layering d i re c t io n  defined by 
the a p l i t e  and pegmatite dike sets which in turn fo l low compositional 
layering w ith in  the host metamorphic pendant (F ig .  5) .  In some cases, 
fo ld ing is so intense th a t  the rock begins to take on the appearance 
of a migmatite (F ig .  6 ) .
Numerous l ines  o f  evidence suggest th a t  c r y s t a l l in e  quartz-  
fe ldspar  dikes are the r e s u l t  of  in t rus ion  o f  v o l a t i l e - r i c h  magma 
during block stoping and not the product of  metasornatic replacement, 
p a r t ia l  melting o f  country rock, or metamorphic d i f f e r e n t i a t io n .
1) The th ic k e r  veins cross-cut one another (F ig .  6) pro­
ducing o f fs e t  of  e a r l i e r  formed veins. I t  is un l ik e ly  
th a t  metamorphic d i f f e r e n t i a t i o n  would produce vein 
materia l  in such divergent o r ien ta t io ns  as shown in 
Figure 6. D i la t io n  o f f s e t  o f  e a r l ie r - fo rm ed  veins 
argues strongly against metasornatic replacement o r ig in  
fo r  these cross-cu tt ing  veins.
2) C h i l led  margins o f  some veins against roof pendants 
in d ic a te  th a t  the vein mater ia l  was s ig n i f i c a n t ly  
h o tte r  than the enclosing metamorphic rock during i t s  
formation. Metasornatic in troduct ion o f  various e le ­
ments (K, Na, e t c . )  to form g r a n i t i c  veins presumably
Figure 4. Photograph of marble roof pendant. View is 
toward east ridge of Spring Creek.
Figure 5. Photograph of quartz-feldspar dikes 
paralleling apparent lithologie 
layering in marble near Spring Creek.
Figure 6. Mlgmatitic aspect of quartz-feldspar dikes 
and host marble in roof pendant near Spring 
Creek.
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requires d i f fu s io n  of  these elements down a c t i v i t y  
gradients ( i . e .  from h o t te r  to cooler environments) 
and therefore  could not have played a s ig n i f ic a n t  
ro le  in th is  case. A large temperature gradient  
between the rock and the posit ion o f  the new layers  
hardly seems l i k e l y  considering the small scale of 
the layers (Hyndman, 1972).
3) In most cases, contrasting chemical compositions 
between vein and country rock mater ia l  preclude the 
p o s s ib i l i t y  tha t  the veins were derived from the  
country rock. Since most pendants are highly c a l ­
careous, p r o h ib i t iv e ly  large amounts o f  country rock 
would necessari ly  be involved in forming quartz-  
fe ldspar  veins by e i th e r  metamorphic d i f f e r e n t i a t i o n  
or p a r t ia l  melting of country rock. I t  is conceiv­
able th a t  some vein m ater ia l  o r ig inated  by anatec t ic  
melting in rocks o f  d i f f e r e n t  composition and moved 
f a r  enough from t h e i r  source to take on the charac­
t e r i s t i c s  o f  in je c t io n  veins.
No systematic or consistent temporal re la t io n s  were established  
between concordant veins and d ik e le ts  and discordant dikes. Exposures 
show concordant veins a t  once cu t t in g  and being cut by la rger  d is ­
cordant d ikes. Examination o f  some exposures suggested that  the two 
sets o f  dikes were emplaced synchronously, or tha t  the small sub­
p a r a l l e l  veins ramified l a t e r a l l y  from the la rg e r  discordant dikes.
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In the l a t t e r  case, the la rg e r  discordant dikes may have acted as 
"magma reservoirs" fo r  the concordant vein m a te r ia l .  Barrel 1 (1907) 
notes th a t  i n f i l t r a t i o n  veins have been in jec ted  l a t e r a l l y  away from 
associated cross-trending dikes in the M arysv i l le  stock o f  western 
Montana. Contacts between the th ic k ,  coarse-grained dikes and narrow, 
medium- to f in e -g ra in ed  veins and d ik e le ts  are marked only by grada­
t iona l  changes in grain s ize .  The change in grain s ize may r e f l e c t  
d i f f e r e n t  rates o f  cooling as determined by dike width,  and not d i f ­
ferences in composition or times o f  emplacement.
A l l  leve ls  of  s t ru c tu ra l  complexity e x is t  between the planar,  
concordant veining shown in Figure 5, and the i s o c l i n a l l y  folded,  
highly complex m igmatit ic  s tructure  displayed by veins in Figure 6. 
Since in je c t io n  m ater ia l  presumably followed paths o f  le as t  resistance  
in the rock, i t  is p laus ib le  th a t  present vein geometry now repre­
sents o r ie n ta t io n  of p re -ex is t in g  s t ru c tu ra l  planes and frac tu res .
Some veins p a r a l le l  apparent l i th o lo g ie  changes in marble pendants 
near Spring Creek suggesting the veins were in jected p r e f e r e n t ia l l y  
along bedding plane part ings o f  an o r ig in a l  calcareous u n it .
Pendants in the Cat Lakes area also display features suggestive 
of block stoping. Small, iso la ted  blocks have a f l a t  or nearly  f l a t -  
ly ing aspect. R e la t iv e ly  smooth, sharp sides and tops contrast  
markedly with very i r r e g u la r ,  poorly defined bottoms. Whereas peg­
m at i te  and a p l i t e  dikes genera l ly  surround the blocks on a l l  s ides,  
in je c t io n  veins and dikes p r e f e r e n t i a l l y  penetrate from the bottom 
upwards. The dikes were presumably in jec ted  i n i t i a l l y  upwards along
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f ractures  in to  and around the block, is o la t in g  and subsequently 
foundering i t  in v o l a t i l e - r i c h  magma.
Presence o f  metamorphic roof pendants ind ica te  th a t  the current  
level  of exposure must be a t  or near the top of  the b a th o l i th  in th is  
area. Emplacement o f  the b a th o l i th  by m u lt ip le  block stoping a t  th is  
loca l ized  level  was enhanced by the a b i l i t y  of  surrounding country 
rocks to behave somewhat b r i t t l y  to stresses placed upon them.
Cretaceous G ra n i t ic  Rocks
The Idaho b a th o l i th  has been subdivided in to  four tex tu ra l  and 
compositional un its ;  f o l ia te d  g ran o d io r i te ,  g ranodior i te  porphyry, 
the widespread granod ior i te  u n i t ,  and leucocrat ic  g ra n i te .  Mineralo-  
gical var ia t ions  control the compositions o f  the rocks; the lUGS 
c la s s i f i c a t io n  and nomenclature fo r  p lutonic  rocks (Streckeisen,
1976) are used to name the rocks and is shown in Figure 7.
Fo l ia ted  Granodior ite  - -  Kfgd
The u n i t  forms small fault-bounded, wedge-shaped bodies in the 
southeastern portion of  the area. These bodies are probably remnants 
of an older  and presumably much la rg er  in t ru s iv e  mass which was sub­
sequently intruded by younger b a th o l i th ic  rocks. Nearby roof pen­
dants a t t e s t  to the r e l a t i v e l y  high leve l  o f  the b a th o l i th  exposed 
in th is  area, and i t  is  suggested th a t  the f o l i a t e d  gran i te  was par t  
o f  a f o l i a t e d ,  mafic upper margin or carapace of  the b a th o l i th .  
S im i la r  rocks are reported near roof  pendants in the Basin Creek area 
by E r le r  (1980) .
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Figure 7 . General c l a s s i f i c a t i o n  and nomenclature o f  qu artz -  
bearing p lu to n ic  rocks according to mineral content  
( in  volume p e rc e n t ) ,  a f t e r  Streckeisen (1976, p. 8 ) .
28
Fol ia ted  granod ior i te  forms f a i r l y  no n -res is tan t ,  steep-sided  
b l u f f s ,  probably because i t  contains a low proportion o f  f e l s i c  con­
s t i tu e n ts ,  notably K -fe ldspar.  In hand specimen, the rock is  char­
acter ized by a medium- to coarse-grained groundmass of  p lag ioc lase,  
K-fe ldspar,  b i o t i t e ,  and quartz .  Pink megacrysts o f  potassium 
fe ldspar are d is t in c t i v e  although they are not d is t r ib u te d  uniformly  
throughout the u n i t .  The megacrysts range from 2 to 8 centimeters  
in length, are commonly well-shaped, and range from pencil eraser pink 
to white.  A crude f o l i a t i o n ,  defined by c lo ts  and streaks o f  b i o t i t e ,  
is uniquitous throughout the u n i t  and t ra in s  or ind iv idual  tabu lar  
megacrysts o f  orthoclase are genera l ly  oriented p a r a l le l  to th is  
f o l i a t io n  (F ig .  8 ) .
Fo l ia ted  granod ior i te  ranges from t o n a l i t é  to granodior i te  in 
composition but may be equiva lent  to the quartz d i o r i t e  gneiss of  
Donnelly described by Schmidt (1964) and K-fe ldspar po rp hyr i t ic  
gran i te  described by E r le r  (1980) in the Basin Creek area. Mineralogy 
of th is  u n i t  is summarized in Table 1 and modes are p lo tted in Figure 12
Primary mineral components of  f o l i a t e d  granodior i te  in th in  sec­
t ion  are p lagioclase (35-40 percent) ,  quartz (20-30 percent) ,  b i o t i t e  
(20 percent) ,  potassium fe ldspar  (5 -15  percent) ,  and hornblende (0 -5  
percent) .  Accessory minerals include a p a t i te ,  sphene, and iron-oxides.
A l te ra t io n  is commonly observed in th in  section; up to 50 percent  
of the p lag ioclase has broken down to s e r i c i t e  and minor coarse­
grained muscovite. B io t i t e  has p a r t i a l l y  a l te re d  to c h lo r i t e ,  dusty 
magnetite, and sphene.
Figure 8. Hand specimen of Kfgd foliated 
granite showing subparallel K- 
feldspar megacrysts.
Figure 10. Hand specimen of Kgd porphyritic 
granodiorite. Mafic constituent 
is biotite.
Figure 9. Hand specimen of Kgdp grano­
diorite porphyry. Mafic 
constituents are b iotite and 
hornblende.
Figure 11. Hand specimen of Klg leuco­
cratic granite. Note fine­
grained, xenomorphic texture 
and low content of biotite.
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Textures in th in  section include p o i k i l i t i c  potassium feldspar  
megacrysts with quartz ,  p lag ioc lase ,  and b i o t i t e  inc lus ions, braid and 
vein p e r th i te  (H e inr ich ,  1965) in orthoclase ,  and myrmekite f r ing ing  
the fe ldspar megacrysts. A strong deformational fa b r ic  is exhib ited  
by quartz c rys ta ls  composed of  numerous,optically d isoriented grains  
with sutured grain boundaries, undulatory e x t in c t io n  in p lag ioc lase,  
q u a r tz ,K - fe ld s p ar ,  and b i o t i t e  gra ins ,  wavy twin lamellae in p lag io ­
clase gra ins ,  bent and kinked cleavage traces in b i o t i t e ,  and sutured 
grain boundaries between quartz ,  potassium fe ldspar ,  and plagioclase.  
B io t i t e  f o l i a t i o n  observable in hand specimen is probably par t  o f  th is  
deformational fa b r ic  which may record the emplacement of subsequent 
b a th o l i th ic  intrus ions o r ,  perhaps, a completely unrelated tectonic  
event. Well-shaped K-fe ldspar  megacrysts p a r a l le l  th is  deformational  
fa b r ic  and are s l i g h t l y  deformed as seen in th in  section,  suggesting 
the megacrysts grew during the waning stages o f  th is  deformational  
event. Perhaps in trus ion  of  younger b a th o l i th ic  magma deformed the 
rock and p a r t ly  remobilized the low temperature K-fe ldspar component 
to form the megacrysts. A l t e r n a t i v e l y ,  deformation may have accom­
panied in trus ion of the primary m elt ,  and the megacrysts are primary 
c r y s t a l l i z a t i o n  products. Admittedly,  these conclusions are highly  
speculative and fu r th e r  work is needed to te s t  t h e i r  v a l i d i t y .
Granodiorite  Porphyry - -  Kgdp
Medium- to coarse-grained, p o rp h y r i t ic ,  hornb lende-b io t i te  
granod ior i te  crops out along the eastern f la n k  of  Warm Springs Creek 
south o f  the Deadman Creek-Cat Creek confluence. Age of  the u n i t  is
Table 1. Mineralogy of the Cretaceous granitic units.
MAP UNIT
FEATURE
FOLIATED
GRANODIORITE
GRANODIORITE
PORPHYRY GRANODIORITE
LEUCOCRATIC
GRANITE
PRIMARY MINERALS
Percentages 
shown as (%). 
Minerals listed 
in relative order 
of crystalliza­
tion.
An 25.35 (35-40) 
quartz (25-30) 
biotite (20) 
K-feldspar (5-15) 
hornblende (0-5)
An 25-35 (35-65) 
quartz (25-35) 
K-feldspar (5-25) 
biotite (3-10) 
hornblende (2-10)
^  15-30 (25-55) 
quartz (20-35) 
K-feldspar (15-40) 
biotite (5-15)
^  8-20 (35-50) 
quartz (25-40) 
K-feldspar (15-40) 
biotite (2-5)
ACCESSORY
MINERALS
apatite Fe-oxides
sphene
allanite
sphene allanite 
Fe-oxides zircon 
apatite
sphene allanite 
Fe-oxides zircon 
apatite muscovite
sphene allanite 
Fe-oxides rutile 
apatite
GRAIN SIZE 
& SHAPE
Coarse-grained equi- 
granular or commonly 
porphyritic with K- 
feldspar megacrysts 
(2-5 cm).
Porphyritic with 
large (1-2 cm) mega­
crysts of poikilitic 
K-feldspar in a med­
ium-grained grndmass.
Equigranular or more 
commonly porphyritic 
with K-feldspar meg- 
crysts (1-2 cm) in a 
medium groundmass.
Fine-to medium- 
grained ( .1-.5 cm). 
usually xenomorphic 
equigranular.
ALTERATION
Intense sericitiza- 
tion of feldspars, 
particularly plag. 
Bio and hbld to chi 
Fe-oxides, sphene.
Moderate to intense 
sericitization of 
feldspar.
Bio and hbld to chi, 
ep, Fe-oxides.
Moderate alteration 
of biotite to sphene 
Fe-oxides, chlorite 
and white micas.
Limited alteration 
of feldspars to 
white micas.
TEXTURES
&
COMMENTS
Deformed fabric de­
fined by bent and 
kinked cleavage trac­
es in biotite, sutur­
ed grain boundaries, 
and undulatory ex­
tinction in four 
primary mineral com­
ponents
Glomerocrysts (.5 cm) 
of bio, hbld, and Fe- 
oxides are common as 
are synneusis clus­
ters of oscillatory- 
zoned plag grains.
Fine-scale myrmekite 
(quartz intergrowths 
in plagioclase) well 
developed adjacent 
to K-feldspar grains.
Commonly has sacca- 
rhoidal texture de­
fined by anhedral 
interlocking grains 
of feldspar and qtz. 
Crude foliation de­
fined by aligned 
biotite flakes.
COCO
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uncertain.  Contacts with other b a th o l i th ic  units are not exposed but 
may be g radat iona l .  On th is  basis,  the rock has been assigned a 
Cretaceous age. The presence of  hornblende, however, is more char­
a c t e r i s t i c  o f  T e r t ia ry -a g e  in t ru s iv e  rocks in the Idaho ba th o l i th  than 
of  older b a t h o l i th ic  rocks (Hyndman, ms).
Outcrops weather to form prominent r e s is ta n t  c l i f f s  which are 
grey to grey ish-tan  in co lor .  Hand specimens (F ig .  9) are character­
ized by a medium-grained groundmass o f  p lag ioclase»quartz ,  and K-
fe ldspar subhedra enclosing r e s is ta n t  megacrysts o f  K-fe ldspar.  The 
angular megacrysts range in color  from s tee l -g re y  in the western por­
t ion o f  the in t ru s iv e  to l ig h t - p in k  in the more eastern par ts ,  but
are remarkably uniform in s iz e ,  averaging about 1.5 cm in length,  
and shape. Concentrations o f  ye l low , tabu lar  sphene seem to increase  
systematical ly  from west to east.
Table 1 gives the average mineral percentages and Figure 12 
gives modes obtained by visual estimation of r e la t i v e  percentages. 
Plagioclase (Ango-SS^ comprises between 40 and 60 percent of the rock 
and quartz (25-35 percent) ,  K-fe ldspar (5 -15  percent) ,  b i o t i t e  (3-10  
percent) ,  and hornblende (2 -15  percent) are the other essentia l  con­
s t i tu e n ts .  Sphene, a l la n i t e ,a n d  a p a t i te  are common accessory minerals  
Textures in th in  section include o s c i l l a t o r y  zoning and complex twin­
ning patterns in plagioclase whereas quartz and K-feldspar occur as 
i n t e r s t i t i a l  anhedra. P o i k i l i t i c  K -fe ldspar  megacrysts contain 
inclusions of  p lag ioc lase ,  qu artz ,  b i o t i t e ,  and hornblende. Brown 
b i o t i t e  and green hornblende occur as ind iv idua l  1-2 mm euhedra and as
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3-5 mm clusters  which together with Fe-oxides, enclose smaller f e ls i c  
consti tuents .  Most samples show intense s e r i c i t i z a t i o n  o f  feldspars  
whereas b i o t i t e  is only p a r t i a l l y  a l te re d  to c h lo r i t e  and Fe-oxides. 
Psuedomorphs o f  iron-oxides a f t e r  sphene are common and hornblende 
shows l im i ted  a l t e r a t io n  to c h l o r i t e ,  opaques and epidote.
Granodiori te  — Kgd
Coarse-grained, p o rp h yr i t ic  b i o t i t e  g ranodior i te  underlies approx­
imately 50 percent o f  the f i e l d  area. Porphyr i t ic  and non-porphy- 
r i t i c ,  equigranular v a r ie t ie s  are present in nearly  equal amounts, 
but no attempt was made to map them separate ly .
Outcrops o f  the rock are deeply weathered and dissected by jo in ts  
and f rac tu res .  Weathered faces tend to be l i g h t - t a n  to tan-grey in 
color and are mantled by a veneer of gruss o f  var iab le  thickness. The 
u n i t  may also be recognized by a one- to three-meter th ick dark brown 
soi l  alluvium which supports rounded, disaggregated c las ts  and small 
f la t - s id e d  pebbles o f  p o rp hyr i t ic  gran i te .
White, euhedral phenocrysts o f  K-feldspar (1 centimeter) in a 
medium- to coarse-grained groundmass o f  quartz ,  plagioclase,and K- 
fe ldspar is a diagnostic  tex tu re  of  th is  rock in hand specimen (F ig .  
10). Medium-grained f lakes  o f  b i o t i t e  make up between 5-15 percent 
of the rock which is massive to s l ig h t l y  f o l i a t e d .  Average mineral  
percentages have been determined from th in  sections and are given in 
Table 1. The rock composition plots as granod ior i te  to gran i te  (F ig .  
13).
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Major mineral components are 35 to 55 percent p lag ioc lase ,  20 to 
35 percent quartz ,  20 to 40 percent K-fe ldspar and 5 to 15 percent  
b i o t i t e .  Accessory minerals include a l l a n i t e  a p a t i te ,  monazite, and 
zircon. A l te ra t io n  o f  b i o t i t e  to c h lo r i t e  and iron-oxides is common 
and plagioclase has c h a r a c t e r is t i c a l l y  been p a r t ly  a l te red  to s e r ic i t e  
I r r e g u la r  small c rys ta ls  o f  sphene and white mica are dessminated 
throughout the rock. They may be primary accessory minerals or a l t e r a ­
t ion  products a f t e r  b i o t i t e .  K-fe ldspar and quartz occur as in t e r ­
s t i t i a l  grains lacking external c r y s t a l l in e  form. Potassium feldspar  
also forms phenocrysts which contain small anhedra o f  p lag ioc lase,  
quartz ,  and b i o t i t e .  Subhedral grains o f  p lag ioclase show normal 
zoning and simple twinning patterns.  Textures observed in th in  
section are f in e  scale myrmekite and stra ined grains o f  quartz or K- 
fe ldspar.  PlagiocTdse twins may show wavy e x t in c t io n  or are o f fs e t .
Leucocratic Granite - -  Klg
Leucocratic gran i te  l i e s  on the r idge between the North and 
South Forks of  Cat Creek and forms a discontinuous swarm of northwest- 
trending dikes and d ik e le ts  in the Cat Lakes-Lost Lakes region. In d i ­
vidual dikes were genera l ly  too small to be shown a t  map scale,  
however, width o f  the swarm is approximately correct .  The contact  
between leucocrat ic  g ran i te  and p o rp h y r i t ic  g ra n i te  on the ridge  
between North and South Forks o f  Cat Creek is nearly  f l a t - l y i n g .
The contact is gradational over a v e r t ic a l  span of  100 fe e t  as rock 
with r e l a t i v e l y  high proportions o f  leucocrat ic  g ran i te  grades down­
wards to rock with increasing proportions o f  po rp h y r i t ic  g ran i te .
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Contacts between the two are sharp, however, on the scale of  a hand 
specimen.
In contrast  to other phases of  the Idaho b a th o l i th ,  th is  un it  
forms f a i r l y  res is ta n t  outcrops that  t y p ic a l l y  have p a r a l l e l ,  c losely  
spaced jo in ts  and j o i n t  faces. Weathered outcrops are usually l i g h t -  
tan to bu f f  in color .  S im i la r  rocks were observed by the w r i t e r  south 
of the area on the r idge west o f  Warm Springs Creek.
The rock is cream to pinkish-white  in color  and has a massive to 
s l ig h t l y  f o l i a t e d ,  f in e -  to medium-grained ( 0 .1 - 0 .5  cm), equigranular  
texture .  There are s l ig h t  d i f ferences in mineralogy and texture  
between the dikes and the s i l l  o f  leucocrat ic  g ran i te  in the area,  
however s i m i l a r i t i e s  between the two are greater  than t h e i r  d i f f e r ­
ences. Both units contain a notably low amount of  mafic m a te r ia l ,  
p a r t ic u la r ly  b i o t i t e .  In each case, the rock genera l ly  contains less 
than 5 percent b i o t i t e .  In hand specimen, the f l a t - l y i n g  s i l l  of  
leucocrat ic  gran ite  is  d is t in c t iv e  in i t s  l i g h t  color  and 
saccharoidal texture  defined by a mosaic o f  rounded, in te r lock ing  
anhedral grains o f  quartz ,  K-fe ldspar,  and plagiocase (F ig .  11).
Grain s ize is s l ig h t l y  coarser in the dike rocks, and there is less 
K-feldspar in th is  rock than in the s i l l - l i k e  body. F o l ia t io n  in 
the dike rock is defined by aligned f lakes o f  b i o t i t e .
In th in  section,  the primary minerals are plagioclase (Awg.is;  
35-50 percen t ) ,  quartz (25-40 percent) ,  microcl ine (10-30 percent) ,  
and b i o t i t e  ( less  than 5 percent) .  Table 1 gives the average mineral 
percentages and Figure 13 gives the v is u a l ly  estimated modes fo r  each
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th in  section. The rock is noticeably  more f ine -g ra ined  and equigranular  
than other phases of  the b a th o l i th .  A l l a n i t e ,  a p a t i te ,  and sphene are 
accessory minerals in both l o c a l i t i e s .  Euhedral magnetite is an 
accessory in both areas, but the unusual occurrence of  magnetite in 
the dike rocks is d is t in c t iv e  and w i l l  be the subject of  Chapter V I .  
A lte ra t io n  minerals include c h lo r i t e  and Fe-oxides a f t e r  b i o t i t e  and 
l im i te d  s e r i c i t i z a t i o n  o f  p lag ioc lase .  Quartz often shows extreme 
undulose e x t in c t io n ,  sometimes becoming segmented in to  o p t ic a l ly  
discontinuous grains.
T e r t ia r y  G ran it ic  Rocks
Three in t ru s iv e  stocks o f  known or probable T e r t ia r y  age were 
mapped in the area. The three rock types d i f f e r  in both texture  and 
composition. Ranges o f  compositions are given in Tables 2 and 3 and 
v is u a l ly  estimated modes for  each th in  section are given in Figure 14.
Quartz D io r i t e  — Tqd
Biot i te-hornblende quartz d i o r i t e  underl ies approximately 2 .5  square 
kilometers in the v i c i n i t y  of  Red Mountain. The un i t  varies from 
medium- to coarse-grained, equigranular quartz d i o r i t e  near i t s  margins 
to po rp h y r i t ic  gran i te  and granod ior i te  towards the core of the stock.  
Contacts with  surrounding porphyry i t ic  g ranodior i te  dip steeply out­
ward a t  angles o f  around 50 to 75°. Contacts are t y p ic a l l y  razor-  
sharp and well-exposed along the east side of  Red Mountain. A l t e r a ­
t ion  o f  country rock near the contact is v i r t u a l l y  absent but many o f  
these same rocks show granulated crush zones of  quartz and K-feldspar
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in th in  section .  These textures are in d ic a t iv e  of in c ip ie n t  ca tac la -  
s is  presumably brought about by fo r c ib le  emplacement of  the T e r t ia ry  
stock. The stock has a c h i l le d  mafic margin approximately 3 meters 
th ick  which is cut by several dikes o f  quartz l a t i t e  porphyry tha t  
emanate from the stock and penetrate o lder  b a th o l i th ic  rocks.
The pluton may belong to a group of  quartz d i o r i t e  to grano- 
d i o r i t i c  plutons w ith in  the At lanta  lobe of  the Idaho b a tho l i th  recog­
nized by Bennett (1980) .  D irec t  comparison of  the Red Mountain stock 
with  a g ranod ior i te  stock in the 10-Mile  RARE I I  Wilderness ( K i i l s -  
gaard, in prep.)  show s im i la r  features .  D is t in c t iv e  charac te r is t ics  
of th is  rock in hand sample include the presence of large laths o f  
hornblende, a f in e -  to medium-grained groundmass with pink co lo r ,  and 
a pec u l ia r  mottled texture  in f in e r -g ra in ed  facies defined by white  
euhedral la ths o f  p lagioclase and smaller euhedra of  magnetite. Con­
cordant ages of 46 m.y. on b i o t i t e  from two samples o f  the 10-Mile  
stock (K i i ls g a a rd ,  pers. comm., 1981) suggest an Eocene age fo r  the 
Red Mountain stock.
The rock is character ized by a bimodal grain s ize  in th in  section  
Medium- to coarse-grained phenocrysts o f  p lag ioc lase ,  quartz ,  and 
K -fe ld spar ,  b i o t i t e ,  and hornblende account fo r  approximately 80 per­
cent o f  the rock volume. A f in e -g ra in ed  groundmass ( less than .25 mm) 
of  anhedral K-fe ldspar quartz and minor amounts of  p lag ioc lase,  
b i o t i t e ,  and hornblende makes up the re s t  of  the rock. A l te ra t io n  
products include minor amounts o f  iron-oxides and c h lo r i t e  a f te r  
b i o t i t e ,  s e r i c i t e  a f t e r  p lag ioc lase ,  and iron-ox ides ,  c h lo r i t e  and 
epidote a f t e r  hornblende.
Table 2. Mineralogy of the quartz diorite, quartz latite, and latite units
MAP UNIT
FEATURE
QUARTZ DIORITE QUARTZ LATITE LATITE
PRIMARY MINERALS
Percentages shown 
as (% ) .
Minerals listed 
in relative order 
of crystallization
plagioclase (55-65) 
^30-40
hornblende (5-10)
biotite (5-10)
quartz (5-15)
K-feldspar (0-5)
Groundmass (0-5)
Phenocrysts (30-60)
plagioclase (25-40) 
^25-30 
hornblende (3-5)
biotite (3-10)
quartz (3-5)
K-feldspar (3-5)
Groundmass (5-50)
Phenocrysts (50-90)
plagioclase (35- 
*"25-40 60)
hornblende (10-20)
biotite (5-10)
Groundmass (5-50)
ACCESSORY
MINERALS
allanite apatite
sphene
Fe-oxides
allanite apatite
sphene
Fe-oxides
allanite apatite
sphene
Fe-oxides
GRAIN SIZE 
& SHAPE
Fine-to medium-grained (1- 
5 mm); slightly porphyritic 
to equigranular and general­
ly hypidiomorphic.
Porphyritic: Subhedral phe­
nocrysts (2-4 mm) in a very 
fine-grained groundmass ( 
.025 mm) .
Phenocrysts: Subhedral or 
euhedral (2-4 mm)
Groundmass: xenomorphic 
.( .025).
ALTERATION
Biotite and hornblende al­
tered to chlorite and Fe- 
oxides. weak sericitization 
of plagioclase grains.
Moderate to intense altera­
tion of biotite and horn­
blende to Fe-oxides, chlor­
ite, and epidote.
Biotite and hornblende al­
tered to Fe-oxides, chlor­
ite. epidote, and sphene.
TEXTURES
&
COMMENTS
Commonly has a bimodal grain 
size with an interstitial 
xenomorphic groundmass sur­
rounding larger subhedra of 
feldspar and quartz.
Synneusis structure defined 
by oscillatory zoned plagi- 
clase grains.
Rounded, deeply embayed 
quartz phenocrysts are com­
mon .
Glomerocrysts of plagioclase 
or hornblende and biotite 
are locally abundant.
Synneusis structure de­
fined by oscillatory zoned 
plagioclase grains is pre­
valent .
Biotite and hornblende 
clusters form small glomer­
ocrysts to 2mm.
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D is t in c t iv e  textures o f  the rock include rounded, embayed quartz  
cry s ta ls  (F ig .  15 ) ,  c lus ters  o f  o s c i l l a t o r y  zoned plagioclase sub­
hedra (F ig .  16 ) ,  and c lus ters  o f  b i o t i t e ,  hornblende, and iron-oxides.
Discussion. Clustering o f  phenocryst species and the formation 
of rounded, embayed quartz grains are important ind icators  as to the 
cooling h is to ry  o f  an igneous rock.
Corrosion of  quartz phenocrysts is  thought to occur when a de­
crease in pressure causes the melt to cross the phase boundary marking 
the disappearance the quartz (F ig .  17). The corrosion is augmented 
by the increased s o l u b i l i t y  o f  s i l i c a  in quartz-undersaturated melts 
at lower pressures (Whitney, 1975). This process commonly occurs in 
rocks with a moderately high s i l i c a  content and the synthet ic  granite  
on which Figure 17 is  based contains 73.98 percent s i l i c a .  This r e la ­
t i v e l y  rapid decrease in pressure may also explain the bimodal grain  
size  o f  the quartz  d i o r i t e  as seen in th in  section.
C luster ing o f  ind iv idua l  phenocryst species, in which p a irs ,  or 
la rg e r  groups, of  c rys ta ls  are con ce ntr ica l ly  zoned and the centers o f  
zoning are o f f s e t  from the mutual boundary, is also known as synneusis 
s tructu re  (Vance, 1969; Dowty, 1980). Where more than one phenocryst 
species is  involved, the re s u l ta n t  c lu s te r  is ca l led  a glomerocryst.  
I r r e g u l a r i t y  and d is p a r i ty  in s ize  of  the ind iv idua ls  and p a ra l le l ism  
o f  prominent crysta l  faces along the mutual boundary between grains  
have also been advanced as c r i t e r i a  fo r  recognizing these textures  
(Vance, 1969). Dowty (1980) has recent ly  shown th a t  most synneusis 
structures  may be explained more simply as the r e s u l t  of  growth
4 3
Figure 15 Photomicrograph of marginal facies 
of Tqd quartz diorite showing 
rounded, embayed quartz phenocryst 
in fine-grained groundmass. lOx, 
crossed nicols.
F i g u r e  1 6 . Photomicrograph of Tqd quartz dio­
rite showing synneusis texture of 
oscillatory zoned plagioclase grains 
lOx, crossed nicols.
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Figure 17. Pressure versus weight percent
for synthetic granite (after Whitney, 1975)
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processes than as the r e s u l t  o f  grain adhesion. Commonly, synneusis 
twins can be dist inguished from growth twins by m is f i t  and i r r e g u l a r i ­
t ie s  o f  the common boundary. Most grain c lusters  in the Tqd un it  
disp lay  i r r e g u la r  mutual boundaries and are in te rp re ted  as synneusis 
or glomerocryst s t ructures .
Both structures  are thought to form as c rys ta ls  d r i f t  together and 
attach themselves to one another (F ig .  18).  They are presumably in d i ­
c a t ive  of magmatic o r ig in  fo r  those rocks which contain them, req u ir ­
ing a medium f l u i d  enough to allow unrestr ic ted  movement of pheno­
crysts .  They are thought to o r ig in a te  through episodic magmatic tu r ­
bulence e a r ly  in the c r y s t a l l i z a t i o n  o f  the magma and are often found 
in volcanic rocks (Vance, 1969).
0
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Figure 18 A-C. Stages in development of  synneusis aggregates.  
A. Two iso la ted  c ry s ta ls .  B. D r i f t in g  toge­
ther  and union. C. Post-synneusis overgrowth 
(From Vance, 1969, p. 9 ) .
The textures described above ind ica te  an ea r ly  period in the 
c r y s t a l l i z a t i o n  h is tory  of  th is  rock character ized by a r e l a t i v e l y  
rapid decrease in pressure and simultaneous turbu lent  a c t i v i t y  w ith in  
the parent magma. These features may have or ig ina ted  during emplace­
ment of  dikes which emanate from the stock. As dikes cut through the
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mafic margin o f  the source pluton, real  volume of the magma chamber 
increased, thereby decreasing in te rn a l  pressure and creat ing disrup­
t iv e  turbulence w ith in  the melt .  In c ip ie n t  ca tac las is  of  country 
rocks may have been generated j u s t  p r io r  to in je c t io n  of  the dikes,  
during a period o f  "swell ing" o f  the pluton,  when c r y s t a l l i z a t io n  of  
anhydrous phases caused d ra s t ic  increases in o f  the melt .  A l t e r ­
n a t iv e ly ,  swell ing may have been caused by the addit ion of  new melt  
in to  the p a r t ly  c r y s t a l l i z e d  magma chamber as shown by Sylvester  
(1978) fo r  the epizonal Papoose F la t  pluton in the Inyo Mountains o f  
C a l i fo r n ia .
P ink Granite — Tpg
Pink g ran i te  is found as an elongate body extending from the con­
fluence o f  Deadman Creek and Cat Creek to the northern map boundary 
and underl ies near ly  30 percent o f  the map area. This body probably 
represents an o u t l i e r  o f  the la rg e r  Sawtooth b a th o l i th  which l ie s  to 
the southeast (Olson, 1968). Comparison o f  rocks from the two areas 
show near ly  id e n t ic a l  te x tu ra l  and mineralogical c h a ra c te r is t ic s .  
Contacts between pink g ran i te  and Cretaceous g r a n i t ic  rocks are gener­
a l l y  sharp. Pervasive a l t e r a t io n  aureoles lo c a l l y  extend from the 
contact in to  both the T e r t ia r y  and Cretaceous g r a n i t ic  rocks. The 
halos are defined by a pervasive green color and almost to ta l  o b l i ­
t e ra t io n  o f  gra in  boundaries up to 100 meters from the in tru s ive  
contact.
The pink g ran i te  weathers to form prominent c l i f f s  and angular 
outcrops owing to high-angle jo in t in g .  Coarse-grained pink K-feldspar
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weathers out of  the rock to form gruss th a t  t h in ly  mantles f a i r l y  
r e s is ta n t  weathered slopes. The overa l l  pinkish color o f  th is  
g ra n i te  re a d i ly  d ist inguishes i t  from Idaho b a th o l i th ic  rocks. Other 
d i s t in c t i v e  features of  th is  rock in hand specimen include small 1-2 
mm m i a r o l i t i c  c a v i t i e s ,  a coarse-grained equigranular tex tu re ,  and 
smokey-colored quartz gra ins .
In tex tu re  and composition, rocks o f  the Tpg u n i t  are comparable 
to epizonal granites  mapped elsewhere in the A t lan ta  and B i t te r ro o t  
lobes o f  the Idaho b a th o l i th  (Bennett ,  1980).
The rock varies between 35-50 percent p e r t h i t i c  K-fe ldspar in 
th in  section and plots well  w i th in  the gran i te  f i e l d .  Quartz (30-40  
percen t ) ,  p lag ioclase (20-30 percent) ,  and b i o t i t e  (2 -5  percent) are 
the other primary const i tuents .  Accessory minerals include a l l a n i t e ,  
c o lo r le s s ,  is o t ro p ic  f l u o r i t e ,  sphene, a p a t i t e ,  monazite, and zircon.
Potassium fe ld s p a r  contains approximately 35 percent vein and 
braid p e r th i te  composed of  nearly  pure a lb i t e  which displays d is t in c ­
t iv e  a l b i t e  twinning. Twinned a l b i t e  also occurs as i n t e r s t i t i a l  
m a te r ia l ,  forming narrow rims around la rg e r  grains o f  quartz and K- 
fe ldspar  (F ig .  19).  K -fe ldspar  forms i n t e r s t i t i a l  anhedra between 
la rg e ,  embayed grains o f  quartz and p lag ioclase subhedra. Plagioclase  
(Ang ^g) is normally zoned and contains subhedral inclusions of  
quartz .  Quartz grains are usual ly  large (3 -4  mm), subhedral, contain  
mild s t r a in  shadows, and are embayed by p lagioclase and K-feldspar  
anhedra.
Table 3. Mineralogy of the pink granite, alaskite, and rhyolite units.
MAP UNIT
FEATURE
PINK GRANITE ALASKITE RHYOLITE
PRIMARY MINERALS
Percentages shown 
as ( I ) .
Minerals listed 
in relative order 
of crystalliza­
tion
plagioclase (20-30) 
^10-20
K-feldspar (30-50)
quartz (30-40)
biotite (2- 5)
plagioclase (2- 3) 
* 5-10
inicroperthite (40-50) 
quartz (40-50) 
biotite (1- 2)
Phenocrysts (0- 5) 
plagioclase (2- 3) 
sanidine (0- 1) 
quartz (0- 1)
Groundmass (95-100)
ACCESSORY
MINERALS
Fe-oxide fluorite 
allanite zircon 
monazite muscovite
Fe-oxides biotite fluorite 
Fe-oxides zircon 
allanite
GRAIN SIZE 
& SHAPE
Medium- to coarse-grained 
(5-10 mm).
Hypidiomorphic-equigranular.
Fine-grained (.5-1.5 mm). 
Xenomorphic-equigranular.
Phenocrysts: Subhedral or 
euhedral (.5-2 mm),
Groundmass: Fine-grained
ALTERATION Limited alteration of bio­tite to chlorite, Fe-oxides.
Limited sericitization of 
feldspars. Extensive marti- 
tization of Fe-oxides. Bio­
tite to Fe-oxides, chlorite.
Locally intense alteration 
of feldspars to clays and 
carbonate. Biotite to Fe- 
oxides, chlorite.
TEXTURES
&
COMMENTS
Albitic rims on plagioclase 
grains.
Interstitial anhedra ( .025 
mm) of albite between larger 
subhedra of K-feldspar.
Prominent perthitic texture 
in K-feldspar.
Pervasive granophyric texture 
defined by graphic quartz 
blebs within and around lar­
ger feldspar grains.
Prominent perthitic texture 
K-feldspar.
Rounded, deeply embayed 
phenocrysts of quartz are 
in-filled by microcrystal­
line groundmass.
C5
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Alaski te  — Ta
F ine-gra ined ,  equigranular a la s k i te  underl ies approximately .5 km̂  
in the v i c i n i t y  o f  Bull  Trout Point .  In hand sample, the rock is 
pink ish -w hite  to l i g h t - b u f f  colored on fresh surfaces. The rock 
weathers to form p la tey  or more commonly blocky-shaped angular rubble 
with  l i g h t  tan to brownish-red surfaces and commonly displays iron  
oxide s ta in ing  on weathered and f ra c tu re  surfaces. Conspicuous miaro­
l i t i c  c a v i t ie s  with iron oxide s ta in  are disseminated throughout the 
rock.
In th in  sect ion ,  the primary components of  the rock are 50-60 
percent m ic ro p e r th i te  (orthoclase with about 40-50 percent exsolved 
a l b i t e )  and 40-50 percent quartz .  Anhedral Fe-oxide grains with hema­
t i t e  rims and b i o t i t e  anhedra compose less than 2 percent of  the rock.
Both f i e l d  r e la t io n s  and pétrographie s i m i l a r i t i e s  suggest that  
the u n i t  may represent a d i f f e r e n t ia t e d  h ig h - s i l i c a  roof zone of pink 
g ra n i te .  Contacts between the underlying pink gran i te  and a la s k i te  
are g ra d a t ion a l .  Both rock types contain m ia r o l i t i c  c a v i t ie s  and are 
composed of  the same primary phases; quartz ,  a l b i t i c  p lag ioc lase,  and 
m icrop erth i te .  In both u n i ts ,  K-fe ldspar appears to have c r y s t a l ­
l i z e d  r e l a t i v e l y  ea r ly  with  regard to other primary phases (Table 3) .
The dominant texture  o f  the rock in th in  section is a grano­
phyric intergrowth of  quartz and m icrop erth i te (Figure 20). O p t ic a l ly  
continuous c lusters  o f  quartz up to 3 mm in diameter are intergrown 
with  one or several grains o f  m ic rop erth i te .  The c lusters  are commonly 
r a d i a l l y  arranged and composed of  t r ia n g u la r  or polyhedral blebs and
F i g u r e  1 9 . Photomicrograph of Tpg pink granite showing narrow rims of interstitial 
albite between larger grains of K- 
feldspar. lOx, crossed nicols.
Figure 20. Photomicrograph of Ta alaskite showing 
granophyric intergrowths of quartz 
and microperthite. lOx, crossed 
nicols.
Figure 21. Photograph of quartz latite dike 
cutting Tqd quartz diorite stock 
showing gradational porphyryitc to 
equigranular texture from margin 
to core. Pen for scale.
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prisms o f  quartz .  Larger (2 -3  mm) continuous anhedra of  quartz have 
mild undulose e x t in c t io n .
The o r ig in  o f  granophyric texture  is  uncerta in ,  but arguments 
have been proposed in favor of o r ig in  by replacement and by c ry s ta l ­
l i z a t i o n  a t  a e u te c t ic  (Hyndman, ms.) . No phenocrysts or r e l i c t  grains  
were observed in th in  section,  and the f in e -g ra in e d ,  xenomorphic tex­
ture of  the rock may ind ica te  th a t  th is  rock formed by c r y s t a l l i z a t io n  
of  melt  of  e u te c t ic  composition.
One simple method of  generating a melt  of  th is  eu te c t ic  composi­
t ion  is to al low c r y s t a l l i z a t i o n  o f  a "normal" g r a n i t ic  magma u n t i l  the 
residual melt  l i e s  in the e u te c t ic  isobaric  minimum quartz -K -fe ldspar-  
a l b i t e .  Separation and concentration of th is  l a te  melt phase would 
presumably c r y s t a l l i z e  to form a granophyric rock s im i la r  to the Ta 
u n it .  Separation and concentration of  th is  la s t  melt phase may have 
taken place before s ig n i f i c a n t  c r y s t a l l i z a t io n  o f  the parent melt;  the 
only requirement fo r  the generation o f  the l a s t  melt phase would be 
that  a l l  three mineral phases (quartz ,  orthoclase,  and a lb i t e )  had 
begun c r y s t a l l i z i n g  in the parent magma. Kennedy (1955) showed that  
a l k a l i  s i l i c a t e s  alone among the rock-forming mineral components are 
highly soluble in water vapor under high pressures and tha t  water and 
other v o l a t i l e  species should migrate upwards in a s ta b i l i z e d  magma 
chamber. He suggested th a t  upward migration of  a lka l  i - -s i l  ica rich  
solut ions should concentrate a l k a l i - s i 1icates in the upper parts o f  
in trus ions  where they could c r y s t a l l i z e  as orthoclase and other  
a l k a l i - r i c h  minerals .
53
Several authors have postulated the existence of strongly d i f f e r ­
ent ia ted  "caps" in shallow leve l  magma chambers based upon the studies 
of ash-flow deposits ( H i ld r e t h ,  1979; Smith, 1979). Numerous authors 
including Cater (1969) and Fiske (1963) have reported re la ted  shallow 
level  plutons and over ly ing ,  s trongly  d i f f e r e n t ia te d  granophyric caps. 
Buddington (1959) notes th a t  granophyre is  often found as a domical 
roof facies and tha t  i t  is almost exc lus ive ly  found in the epizone,
I in t e r p r e t  the a la s k i te  as a strongly  d i f f e r e n t ia te d  cap and 
marginal fac ies  of  the pink g ra n i te .  C r y s t a l l i z a t io n  o f  the gran ite  
and near-simultaneous upwards removal of  the r e s t  magma concentrated 
a l k a l is  and s i l i c a  in a water and halogen-enriched roof zone which 
c r y s t a l l i z e d  to form granophyric a la s k i t e .  Chemical data presented 
in Chapter IV is consistent w ith  th is  in te rp re ta t io n  and indicates that  
c r y s t a l l i z a t i o n  o f  th is  roof  zone magma may have taken place at  depths 
of less than 1 .8  km.
T e r t ia r y  Dike Rocks
Dikes o f  T e r t ia r y  age are ubiquitous throughout the region. Dikes 
w ith in  the f i e l d  area are par t  of  a la rger  system of T e r t ia ry  dikes 
labeled the Red Mountain swarm by Olson (1968) .  Compositions are 
v a r ia b le  and range from dikes more basic than l a t i t e  to r h y o l i t e .
Most dikes w ith in  the map area trend north-northeast  although a few 
in the eastern par t  of the area trend northwest.
Whereas some dikes were mapped continuously fo r  lengths o f  up to 
three or four k i lom eters ,  most could only be traced fo r  a few hundred
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meters. Trends of  a s ingle  dike vary as much as 45° w ith in  the span 
o f  an outcrop but are much more consistent a t  map scale. Thicknesses 
of dikes vary by 50 percent w i th in  the span of an outcrop. Dikes 
narrower than 15 meters could not be shown a t  map scale but const i ­
tu te  a s ig n i f i c a n t  proportion of  to ta l  dike rock in the area.
Inspection of  P la te  1 shows a f a i r l y  non-uniform d is t r ib u t io n  of  
dike rocks in the area. Dikes of  l a t i t e  to quartz l a t i t e  composition 
are concentrated w ith in  the Red Mountain area whereas r h y o l i t e  is  
found in and around the Warm Springs Creek drainage basin and ju s t  
south o f  the pink g ran i te  stock. The d is t r ib u t io n  of dikes and t h e i r  
compositions is consistent with the d is t r ib u t io n  o f  Eocene-aged plutons 
in the area. This associat ion suggests tha t  the l a t i t e - q u a r t z  l a t i t e  
and r h y o l i t e  dike suites are g e n e t ic a l ly  re la ted  to the T e r t ia r y  quartz  
d i o r i t e  and pink g ra n i te  stocks, resp ec t ive ly .
Temporal relations, o f  the dikes are also consistent with the in ­
ferred  timing o f  the emplacement o f  the two T e r t ia r y  plutons. Age 
data on s im i la r  rocks from nearby areas ind ica te  tha t  the quartz  
d i o r i t e  stock may be 2-4 m i l l io n  years o lder  than the nearby pink 
gran i te .  Accordingly, r h y o l i t e  dikes consis ten t ly  cross-cut presumably 
older  dikes of  the l a t i t e - q u a r t z  l a t i t e  assemblage.
F ie ld  re la t io n s  suggest th a t  the dikes were emplaced a t  about the 
same time as the T e r t ia r y  stocks. Whereas most of  the dikes are near 
the g r a n i t i c  in t ru s iv e s ,  few cut the stocks. Many apparently die out 
or are truncated a t  the in t ru s iv e  contacts as shown on Plate 1. A 
few o f  the dikes cut the stocks, however, ind ica t ing  th a t  the dikes 
were emplaced before ,  during, and a f t e r  f in a l  emplacement of  the r e l a ­
ted pluton.
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Olson (1968) suggests tha t  dikes o f  the Red Mountain swarm are 
par t  o f  a system of  dikes emanating from the quartz d i o r i t e  in t ru s iv e  
center .  Relations such as those shown in Figure 21 suggest that  a t  
le a s t  some of the quartz l a t i t e - l a t i t e  dikes in the Red Mountain area 
are d i r e c t l y  re la te d  to the quartz d i o r i t e  stock. The dike pictured  
in Figure 21 is approximately 25 cm in width and cuts rocks of  the 
quartz d i o r i t e  stock o f  Red Mountain. Margins o f  the dike display  
typ ica l  p o rp h y r i t ic  texture  which becomes increasingly  coarse-grained  
and equigranular towards the center of the dike. The middle of the 
dike is composed of a rock very s im i la r  in composition and texture to 
the surrounding quartz d i o r i t e  host. Presumably, magma derived from 
deeper, less c r y s t a l l i z e d  port ions of  the magma chamber was in jected  
in to  a more s o l i d i f i e d  carapace of  the stock. Rapid quenching of  the 
marginal dike m ateria l  y ie lded  a normal p o rp hyr i t ic  texture .  C rys ta l ­
l i z a t i o n  of  in te rn a l  portions may have proceeded more slowly, pre­
sumably a t  nearly  the same ra te  of  c r y s t a l l i z a t io n  as the surrounding 
g r a n i t i c  m ater ia l  and w ith in  the same magmatic range of  temperatures. 
The p e cu l ia r  g r a n i t ic  texture  of the dike a t  i t s  core suggests the 
so l id  (o r  nearly  s o l id )  quartz d i o r i t e  host may have been r e l a t i v e l y  
hot compared to surrounding o lder  b a th o l i th ic  rocks. Dikes o f  s im i la r  
width and composition have typ ica l  p o rp h y r i t ic  texture  across th e i r  
width where they intrude o lder  and presumably cooler b a th o l i th ic  rocks
Quartz L a t i t e - L a t i te Porphyry
Although quartz l a t i t e  porphyry and l a t i t e  porphyry were mapped 
separate ly  in the f i e l d ,  th in  section study shows th a t  t h e i r
56
s i m i l a r i t i e s  are greater  than t h e i r  d if ferences  (Table 2 ) .  I have, 
th e re fo re ,  chosen to describe the two groups of dikes c o l le c t iv e ly  to 
emphasize the likenesses between them and to s im p l i fy  t h e i r  r e la t io n ­
ship w ith  the quartz d i o r i t e  stock.
The dikes are greyish to l i g h t  greenish-grey rocks with an apha- 
n i t i c  groundmass, numerous white fe ldspar  phenocrysts, and smaller  
c rys ta ls  o f  b i o t i t e ,  and hornblende. The greatest  d i f fe rence  between 
quartz l a t i t e  and l a t i t e  is the presence or absence of  small (1 -2  mm) 
quartz phenocrysts in hand specimen. The rocks are s im i la r  to some of 
the rocks described by Ross (1934) and Anderson (1947) as dacite  por­
phyry as well  as the l a t i t e  and quartz l a t i t e  porphyryies o f  Olson 
(1968) .  The dikes show considerable tex tu ra l  and mineralogical v a r ia ­
t ion and often show c h i l l i n g  and other contact e f fe c ts .  Some of the 
narrower dikes and/or contact facies are d i f f i c u l t  to d is t inguish from 
r h y o l i t e .  Many of  the dikes contain mafic inclusions composed of  
hornblende, b i o t i t e ,  ±  p lag ioc lase.  Other dikes contain inclusions  
which are recognizable xenoli ths  o f  o lder  dikes. Some of these 
inclusions may r e f l e c t  an e a r l i e r  period o f  autobrecciation of  the 
dikes. Microbreccias along the margins o f  some dikes are composed of  
f i n e l y  comminuted angular shards and fragments of  wall  rock surrounded 
by a c h i l l e d ,  aphanit ic  groundmass.
Phenocryst species of  the quartz l a t i t e - l a t i t e  assemblage are 
plagioc lase (AngO-SO' ^0-70 percent of to ta l  phenocrysts present) ,  
b i o t i t e  (15-30 percent of  a l l  phenocrysts),  hornblende (5-10 percent  
of a l l  phenocrysts),  quartz (0 -5  percent of  a l l  phenocrysts), and
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K-fe ldspar (0-10%). The m ic ro c ry s ta l l in e  anhedral groundmass comprises 
between 10 and 50 percent of the rock and is  composed of  K-fe ldspar,  
quartz and subordinate amounts of  p lag ioc lase ,  hornblende, and b io ­
t i t e .  The apparent order o f  c r y s t a l l i z a t i o n  fo r  these rocks was 
plag ioc lase ,  hornblende, and b i o t i t e ,  quartz ,  and f i n a l l y  K-fe ldspar.  
This sequence was determined from th in  sections based on the presence 
and/or absence of various phenocryst species, euhedral c ry s ta ls ,  
crysta l  s iz e ,  composition of  inclusions and composition o f  the ground­
mass. The posit ions of  accessory minerals including a l l a n i t e ,  Fe- 
oxides, sphene and epidote w ith in  th is  paragenetic sequence were not 
determined. A l te ra t io n  minerals include c h lo r i t e  and Fe-oxides a f t e r  
b i o t i t e ,  c h l o r i t e ,  Fe-oxides, and epidote a f t e r  hornblende, and 
s e r i c i t e ,  carbonate and clay from fe ldspar .
Other textures v is ib le  in  th in  section include rounded, embayed 
quartz phenocrysts, o s c i l l a t o r y  zoning in plagioclase grains and 
synneusis s t ru c tu re .  Synneusis is recognized in plagioclase crysta l  
c lus ters  and c lusters  of  o p t ic a l l y  discontinuous grains of  b io t i t e  
and hornblende are numerous.
Both the mineralogy and textures o f  these dikes are s im i la r  to 
those found in the quartz d i o r i t e  stock (Table 2 ) .  Both units are 
character ized by synneusis texture  and corrosion of  early-formed  
quartz grains ind ica t in g  strong disturbances of  the primary melt .
Rhyoli te
Rhyol i te  dikes are the most abundant of  a l l  dikes in the area.
The swarm o f  r h y o l i t e  dikes along Warm Springs Creek forms conspicuous
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outcrops on the precip itous v a l le y  w a l ls .  In other portions of  the 
area, r h y o l i t e  dikes have inconspicuous outcrops, and t y p ic a l ly  form 
a p la ty  rubble s im i la r  to tha t  o f  quartz l a t i t e  porphyry. The dikes 
commonly show extensive a l t e r a t i o n ,  esp e c ia l ly  of fe ldspar grains,  
and genera l ly  have a reddish-orange s ta in  on weathered surfaces owing 
to oxidation o f  disseminated p y r i te  anhedra.
In hand specimen, the rock varies from l i g h t - t a n  to yel low-white  
and pink, is commonly equigranular,  and has a f ine -g ra ined  to aphani­
t i c  groundmass which may be flow banded. Quartz and fe ldspar pheno­
crysts are genera l ly  small ,  r a re ly  a t ta in in g  lengths greater  than 3 mm.
In th in  section,  quartz ,  sanidine, and a l b i t i c  plagioclase are 
the only phenocrystic species and also comprise most o f  the f in e ­
grained groundmass. Quartz phenocrysts are commonly rounded but some 
show c lea r  hexagonal ou t l in es .  The phenocrysts, which are between .5 -  
1 mm in diameter, are commonly embayed and i n - f i l l e d  with a f in e ­
grained, q u a r tz - r ic h  groundmass. P lagioclase phenocrysts are heavily  
s e r i c i t i z e d  and vary from .5 to 1 mm in s ize .  Clusters of  o p t ic a l ly  
discontinuous p lagioclase phenocrysts are suggestive of synneusis 
s tru c tu re ,  however, absence o f  v i s i b l e  zonation patterns in most 
grains precludes the p o s i t iv e  id e n t i f i c a t io n  o f  th is  texture .
The groundmass in the rh y o l i te s  consists o f  very f ine -gra ined  
intergrowths o f  fe ldspar  and a s i l i c a  mineral .  The intergrowths may 
take the form of  1) d is c re te  patches, 2) massive f e l s i t e ,  or 3) fea­
thery  s h e ru l i te s  0 .2 5 -0 .5  mm in diameter which in many cases nucleate  
on phenocrysts or c lo ts  o f  "dusty" quartz .  Granophyric intergrowths
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of quartz  blebs in sanidine are qu ite  common. Phenocrysts in the 
groundmass have sharp, i r r e g u la r  grain boundaries. Flow banding is 
caused by a l te r n a t in g  s p h e ru l i t ic  and granular q u a r tz - fe ld s p a r - r ic h  
layers .  Q uartz - fe ldspar  layers are composed of very f ine -gra ined  
anhedra o f  quartz and fe ldspar .  Disseminated anhedra of  isotrop ic  
f l u o r i t e  are common w ith in  q u a r tz - fe ld s p a r - r ic h  layers .  Accessory, 
f in e  f lakes o f  ragged, red-brown b i o t i t e  are heavi ly  a l te red  to ch lor­
i t e .  Tiny ( . 5 - 1  mm) m ia r o l i t i c  c a v i t ie s  are disseminated throughout 
the rock and are v is ib le  both in hand specimen and th in  section.
The r h y o l i t e  dikes share a number of  pétrographie features with  
the pink g ra n i te  and g ra n i te  which ind ica te  a co-magmatic o r ig in  fo r  
the three units  (Table 3 ) .  These features: 1) nearly  iden t ica l  p r i ­
mary mineralogies; 2) c r y s t a l l i z a t i o n  o f  K-feldspar r e l a t i v e ly  ear ly  
in the paragenetic sequence; 3) presence of  f l u o r i t e  as an accessory 
mineral;  4) granophyric tex tu re ;  and 5) separation of  a d iscrete  
v o l a t i l e  phase indicated by m ia r o l i t i c  c a v i t ie s .
Diabase
Diabase dikes form a r e l a t i v e l y  small percentage of  dike rock 
in the area,  but are perhaps the most d i s t in c t iv e .  Many are too small 
to map a t  the present scale.  The greatest  concentration of diabase 
occurs along the r idge crest  west of Deadman Creek. Contacts with  
surrounding host rocks are usually sharp and p a r a l l e l ,  and thicknesses 
of  the dikes range from 2-5 meters. Most o f  these dikes are deeply 
weathered and are usually  covered. S p h e ru l i t ic  weathering and rough 
weathered surfaces are d is t i n c t i v e  features .  In hand specimen, the
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dikes are l ig h t -g r e y  to black, f in e -g ra in ed  and equigranular.
In th in  section ,  the diabase is  f ine -g ra ined  and inconspicuously 
p o rp h y r i t ic ,  genera l ly  consisting of  subequal amounts o f  plagioclase  
and pyroxene. Most dikes have been so extensively  a l te red  tha t  o r i ­
ginal dark minerals are not e a s i ly  id e n t i f i e d  and do not stand out 
sharply. Green asbestiform a c t i n o l i t e  and c h lo r i t e  p a r t ly  to t o t a l l y  
replace pyroxene gra ins.  R e l ic t  sub-ophit ic  te x tu re ,  in which pseudo- 
morphs o f  c h lo r i t e  and a c t i n o l i t e  a f t e r  pyroxene envelop the ends of  
la ths o f  p lag ioc lase ,  is comnon in both groundmass and phenocrysts. 
This d is t i n c t i v e  texture  is a t t r ib u te d  to simultaneous c r y s t a l l i z a t io n  
of plagioclase and pyroxene (Walker,  1957). P lagioclase,  pseudomor- 
phic intergrowths o f  a c t i n o l i t e  and c h lo r i t e  a f t e r  pyroxene, and 
pseudomorphic intergrowths o f  carbonate, Fe-oxides, and c h lo r i te  
a f t e r  pyroxene(?) are the dominant phenocrystic species. An aphanit ic  
groundmass supports t ra c h y t ic  fe ldspar  m ic ro l i te s  ( .2 5  mm), slender  
la ths of  c h lo r i t e  and a c t i n o l i t e ,  and i n t e r s t i t i a l  anhedra of  ch lor ­
i t e ,  quartz and Fe-oxides. Secondary c a l c i t e ,  c h lo r i t e ,  and epidote  
anhedra form v e in le ts  and round c lusters  which cut d iscordantly  
through the rock.
Diabase dikes cross-cut a l l  other in t ru s iv e  phases in the area 
and are presumably post-Eocene in age. S im i la r  re la t io n s  have been 
noted by Reid (1963) in the Sawtooth area, Anderson (1947) in the 
Boise Basin, Ross (1937) in the Bayhorse region, and Ross (1934) in 
the Casto quadrangle. Diabase s i l l s  and, less commonly, dikes are 
widespread common features in and around regions o f  f lood basalts  
(Hyndman, 1972).
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Pi scussion
T e r t ia r y  in t ru s iv e  rocks o f  suspected Eocene age are character­
ized by two d i s t i n c t  p lu to n ic -d ike  assemblages in the Red Mountain- 
Bull Trout Point area. The associations have been made on the basis 
of s p a t i a l ,  temporal and pétrographie s i m i l a r i t i e s .  An e a r l i e r  gener­
at ion o f  dikes and p lu tonic  rocks were derived from a r e l a t i v e ly  dry 
quartz d i o r i t e  to granod ior i te  magma character ized by discordant  
contacts,  and the absence of  a separate vapor phase or contact a l t e r a ­
t ion  aureoles. A separate,  more f e l s i c  and presumably w ater -r ich  
magma was l a t e r  emplaced in the v i c i n i t y  o f  Bull Trout Point ,  producing 
the pink g r a n i t e - a la s k i t e - r h y o l i t e  dikes assemblage. This assemblage 
is  character ized by r e l a t i v e l y  wide contact aureoles around larger  
in t ru s iv e  bodies and by m i a r o l i t i c  c a v i t ie s .  In addit ion to strong 
mineralogical and te x tu ra l  a f f i n i t i e s  which define each assemblage, 
chemical evidence discussed in the next chapter independently d e l i ­
neates the two assemblages.
Quaternary Deposits
A1 luvium - -  Qal
U n d i f fe re n t ia te d  Quaternary deposits consist o f  morainal 
m a te r ia l ,  possible lake sediments, and al luvium.
Moraine - -  Qm
Ground moraine is composed o f  nonsorted, n o n s t ra t i f ie d  g la c ia l  
d r i f t  m a te r ia l .  The moraines t y p ic a l ly  contain large angular or sub­
rounded e r r a t ic s  set w ith in  f in e r -g ra in e d  g la c ia l  debris .
CHAPTER IV 
WHOLE-ROCK COMPOSITIONS
Table 4 gives whole-rock major-element chemical analyses fo r  18 
in t ru s iv e  rocks including 5 samples of  T e r t ia r y  dike rock and 5 samples 
of  T e r t ia r y  g r a n i t i c  rocks. A l l  analyses were done at  Washington 
State  U n iv e rs i ty ,  Pullman, using a P h i l l ip s  PW140-00 X-ray f lu ores ­
cence spectrometer with an XRG 3000 X-ray generator. Beads were pre­
pared by fusing 7 grams o f  l i th ium  te trabo ra te  with 3.5 grams of  pul­
verized sample a t  lOOO^C in graphite  c ruc ib les .  Values reported in  
Table 4 are in weight percent. Normative minerals were calculated  
using the N0RM2 computer program a t  the Un ivers i ty  o f  Montana.
A l l  samples contain g rea ter  than 66 percent s i l i c a  and may be 
c la s s i f ie d  as ac id ic  or f e l s i c  igneous rocks. Of the dike rocks, 
three contain s i l i c a  in. the range 65-72 percent, including two dikes 
mapped as l a t i t e  and one mapped as quartz l a t i t e ,  one contains 72-76 
percent s i l i c a ,  and one contains s i l i c a  in excess of  76 percent. The 
div is ions  correspond to the "quartz l a t i t e " ,  "low s i l i c a  rhyo l i te"  
and "high s i l i c a  rh yo l i te "  categories used by Byers and others (1976)  
fo r  rocks o f  the Timber Mountain-Oasis Val ley  caldera complex of  
southern Nevada. For ease of  comparison, dikes containing between 
65-72 percent s i l i c a  are re fe rred  to as quartz l a t i t e  and those con­
ta in ing  g re a te r  than 72 percent s i l i c a  are ca l led  r h y o l i te s .
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Table 4A. Whole-rock XRF chemical analyses of 
study area rocks.
133
Kfgd
1 1 2
Kgdp
0 0 1
Kgd
118B
Kgd
113B
Klg
131
Klg 035T1 050T1
058
Tql
SiOj 68.79 70.51 73.84 73.06 75,51 76.06 65.89 6 6  . 34 69.77
AI 2 O 3 15 .80 15.51 14.91 15.18 14.59 15.07 17.09 16.20 16.34
Feo 1.83 1.63 0 . 6 6 0.43 0.06 0.06 3.04 2.24 1.47
Fe 2 0 3 1.60 1.42 0.57 0.37 0.05 0.05 2.65 1.96 1.29
MnO 0.08 0.05 0.03 0.03 0 . 0 1 0 . 0 0 0.07 0.06 0.03
MgO 1.41 - 1.34 0.48 0.31 0. 30 0.35 2.69 1.75 1 . 2 0
CaO 3.30 2.60 1.60 1 . 2 0 0.64 1.03 4.43 3,25 1.59
Na 2 0 2.93 3.39 3.79 3.76 3.38 3.58 3.47 3.11 3.38
K2 O 2.89 3.65 2.82 4.03 4.10 3.95 3.43 3.82 4.51
P 2 O 5 0.14 0.15 0.04 0.03 0 . 0 1 0 . 0 2 0.26 0 . 2 0 0.15
TiOg 0.53 0.47 0.16 0.13 0.05 0.04 0.78 0.60 0.44
TOTAL 99.31 100.72 98.91 98.54 98. 70 1 0 0 . 2 2 103.80 99.54 100.16
081 128B 129 024 160 166 169 013 191
Tqd Tqd Tqd Tpg Tpg Ta Ta Tr Tr
SXO 2 66.40 67.35 68.14 74.72 76. 70 76 .34 77.98 72 . 36 76.93
AI 2 O 3 16,18 15.94 15.94 14.38 13.14 12. 77 12.69 12.43 12.43
FeO 2.17 2.18 1.87 0.83 0.48 0.34 0.16 0.34 0.43
1.89 1.90 1.63 0.72 0.42 0.29 0.14 0.30 0.38
MnO 0.07 0.07 0.06 0.03 0 . 0 2 0 . 0 0 0 . 0 0 0.03 0 . 0 1
MgO 1 . 8 8 1.92 1.59 0.56 0.27 0.15 0.16 0.30 0.18
CaO 3.60 3.57 3.17 1.06 0.16 0.09 0.14 4.32 0.14
N320 2.98 3.46 3.04 2 . 81 3.11 2.98 3.19 2. 70 2 .09
K 2 O 3.63 3.57 3.63 5.14 4.96 4.54 4.81 4.41 5.34
PjOj 0.19 0 . 2 0 0.17 0.06 0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 2 0 . 0 0
TiOj 0.61 0.61 0.53 0.23 0.08 0.05 0.09 0 . 1 1 0.07
TOTAL 99.60 100.78 99.78 100.54 99.37 97.55 99 . 38 97 . 31 98.01
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Table 4b. Normative minerai content of study area 
samples. Norms calculated using NORM2 
computer program. University of Montana.
133Kfgd
112
Kgdp
001
Kgd
118B
Kgd
113B
Klg
131Klg 035T1 050T1 058Tql
Q 31.31 29.16 36.73 32.67 38.36 37.44 18.79 23.88 27.64
OR 17.08 21.57 16.67 23.82 24.23 23.34 20.27 22.58 26.65
AB 24.79 28.69 32.07 . 31.82 28.60 30.29 29.36 26.32 28.60
AN 15.46 11.92 7.68 5.76 3.11 4.98 20.28 14.82 6.91
BY 4. 32 4.47 1.73 1.10 0.75 0.87 8.93 5.97 3.95
MT 2. 32 2.06 0.83 0.54 0.07 0.07 3.84 2.84 1.87
II* 1.01 0.89 0.30 0.25 0.09 0.08 1.48 1.14 0.84
AP 0.32 0.35 0.09 0,07 0.02 0.05 0.60 0.46 0.35
C 2.19 1.61 2.81 2.52 3.45 3.08 0.24 1.52 3.37
081
Tqd
128B
Tqd
129
Tqd
024
Tpg
160
Tpg
166
Ta
169
Ta
013
Tr
191
Tr
Q 24.29 22.90 27.28 35.49 38.71 41.07 40.49 32.72 43.59
OR 21.45 21.10 21.45 30.38 29.31 26.83 28.43 26.06 31,56
AB 25.22 29.28 25.72 23.78 26.32 25.22 26.99 22.85 17.69
AN 16.62 16.41 14.62 4 . 87 0.73 0.45 0.63 8.77 0.69
BY 6.23 6.34 5.28 2.00 1.11 0.68 0.43 0.83
MT 2.74 2.75 2.36 1.04 0.61 0.42 0.20 0.43 0.55
II. 1.16 1.16 1.01 0.44 0.15 0.09 0.17 0.21 0.13
AP 0.44 0.46 0.39 0.14 0.02 ---- 0.02 0.05
C 1.26 0.37 1.65 2.14 2,39 2.79 2,01 2.96
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Ternary Diagrams
Normalized three component systems are p lo tted  to observe the 
mutual re la t io n s  o f  the components. An AFM diagram (F ig .  22) shows 
the expected c a lc -a lk a l in e  a lka l i -enr ichm ent  trend fo r  both Cretaceous 
and T e r t ia r y  rocks and strong c luster ing  of T e r t ia r y  samples by 
associat ion.  The Skaergaard iron-enrichment trend and Mount Lassen 
c a lc -a lk a l in e  trend are shown for  comparison. The c a lc -a lk a l in e  
trend is commonly ascribed to r e l a t i v e l y  high p a r t ia l  pressures o f  
oxygen in the magma (Hyndman, ms.) .  With high PO^, iron is oxid ized,  
thereby being removed as magnetite during c r y s t a l l i z a t io n  of the magma.
Two other ternary  plots» the Na20-K20-Ca0 and Ab-Or-An diagrams 
(Figures 23,24)  show f a i r l y  d is t in c t  c lusters  of samples. The 
r h y o l i t e - a la s k i t e - p in k  g ran i te  assemblage shows considerable enrich­
ment in potassium r e l a t i v e  to the other rocks in the area. Sample 
LCr 122 was deleted from these diagrams as th in  section analysis  
showed minor c a lc i t e  veining w ith in  the rock. The T e r t ia r y  quartz  
d i o r i t e  stock and re la ted  dikes contain d i s t i n c t l y  more CaO than a l l  
other samples.
Cretaceous-aged Idaho b a t h o l i th ic  samples show a lk a l i  enrichment 
but contain d i s t i n c t l y  more sodium than the T e r t ia r y  samples. S im ilar  
trends and enrichment patterns are found in the Ab-Or-An diagram, but 
c lus te r in g  of  data by assemblage is more pronounced here. The quartz  
l a t i t e - l a t i te -q u a r tz  d i o r i t e  assemblage shows r e la t i v e  enrichment in 
normalized An, the r h y o l i t e -a la s k i te - p in k  gran i te  association contains 
g re a te r  amounts o f  normalized orthoclase whereas o lder  b a th o l i th ic  
rocks contain more a l b i t e  end-member.
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Figure 22. AFM diagram of Cretaceous-age batholithic rocks
(triangles), 
(boxes), and 
(circles) .
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Figure 23. CaO-K^O-Na^O plot of Cretaceous-age 
rocks (triangles), latite, quartz 
latite, quartz diorite rocks (boxes), 
and rhyolite, pink granite, alaskite 
(circles).
Figure 24. An—Or—Ab plot of Cretaceous—age rocks 
(triangles), latite, quartz latite, 
quartz diorite rocks (boxes), and 
rhyolite, pink granite, alaskite 
(circles) .
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S i l i c a  V a r ia t io n  Diagrams
Figure 25 is a v a r ia t io n  diagram of  s i l i c a  p lo tted against nine 
other oxides fo r  the eighteen Cretaceous and T e r t ia r y  rock analyses 
given in Table 4. Elements which show s t ra ig h t  l in e  v a r ia t io n  on 
such diagrams are considered to have a common der ivat ion  along the 
l iq u id  l in e  of  descent (Wilcox, 1979; Hyndman, ms) and are commonly 
in te rp re ted  as a comagmatic rock s u i te .  Coarse-grained plutonic rocks 
may not represent the chemistry of the magmatic l iq u id  from which 
they cooled (Wilcox, 1979). Crystal s e t t l i n g ,  v o la t i l e  d i f fu s io n ,  or 
f i l t e r  pressing may cause the remaining l iq u id  to change i t s  compo­
s i t io n  in unexpected ways.
Inspection o f  Figure 25 shows th a t  analyses o f  the quartz l a t i t e -  
quartz d i o r i t e  assemblage p lo t  c lose ly  together between 65 and 70 
percent Si02 fo r  each oxide. These analyses also define l in e a r  trends 
fo r  seven of  nine major^element oxides. Pink g ra n i te ,  a la s k i te  and 
r h y o l i t e  show l in e a r  trends fo r  f iv e  major-element oxides. Although 
the trends are defined on the basis o f  a small number of points in t e r ­
pret ing each of  the T e r t ia r y  assemblages as comagmatic suites based 
s t r i c t l y  on these plots is  tempting.
An unexpected, and perhaps co inc iden ta l ,  r e s u l t  of  the whole- 
rock analyses is tha t  a l l  T e r t ia r y  samples, including the two p lu ­
tonic and dike rock assemblages, p lo t  on f a i r l y  t ig h t  l in e a r  trends.  
The trends are very w e l l -d e f in e d  fo r  f iv e  major-oxides and less so 
fo r  MgO, CaO, and Na20. The lack of  t ig h t  f i t  on these four v a r ia t io n  
diagrams may be best explained as the re s u l t  o f  syn-or post-p lu ton ic
F i g u r e  2 5 .  V a r i a t i o n  d i a g r a m .  V a l u e s  f r o m  T a b l e  4
A  Pink granite and alaskitic granite
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emplacement hydrothermal a l te r a t io n  or may r e f l e c t  real d i f ferences  
between the two plutono-dike associat ions. Mineralogical evidence 
f o r  hydrothermal a c t i v i t y  includes the a l te r a t io n  o f  feldspars to 
clays and carbonate, p a r t ic u la r ly  in dike rocks, and b i o t i t e  to 
c h lo r i t e  and i ron-oxides.
Plots o f  major-element oxide analyses o f  Cretaceous-age g r a n i t ic  
rocks on the v a r ia t io n  diagrams show s ig n i f ic a n t  l in e a r  trends fo r  
most elements. Two leucocrat ic  g ran i te  samples contain the most 
s i l i c a  and potassium o f  a l l  Cretaceous b a th o l i th ic  rocks. S t ra ig h t  
l in e  v a r ia t io n  of  these analyses may be in terpre ted  as an ind icat ion  
of comagmaticity fo r  the Cretaceous rocks. The known or suspected 
order of  in t rus ion  of the four Cretaceous units is  compatible with a 
mafic to f e l s i c  or "normal" d i f f e r e n t i a t i o n  scheme, culminating with  
the emplacement of leucocrat ic  g ra n i te .  Evidence of  a d iscre te  l a te -  
stage vapor phase w ith in  th is  u n i t  may also ind icate  the highly evolved 
character o f  i t .  F ie ld  and pétrographie evidence of th is  w a te r -r ich  
phase w i l l  be the subject of  Chapter V I .
For several oxides, including Mno, Cao, and KgO, l in e a r  trends 
of analysis o f  T e r t ia r y  and Cretaceous rocks show s ig n i f ic a n t  d i f f e r ­
ences, e i th e r  in slope or in r e l a t i v e  posit ioning along the ordinate .  
These v a r ia t io n s  may r e f l e c t  separate magmatic sources for  the two 
groups o f  rocks. This in te rp re ta t io n  is supported by abundant f i e l d  
and pétrographie data which ind ica te  widely d i f f e r e n t  levels o f  
emplacement fo r  the Cretaceous and T e r t ia r y  in t ru s iv e  su i tes .  The 
r e l a t i v e  enrichment of  Cretaceous rocks in soda (Figure 23) r e l a t i v e  
to the T e r t ia r y  rocks may also ind icate  fundamental d i f fe rences  in 
t h e i r  magma sources.
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Depth o f  Emplacement of  T e r t ia r y  Intrusions
Presence of  m i a r o l i t i c  c a v i t ie s  w ith in  the pink g r a n i te -a la s k i te -  
r h y o l i t e  assemblage suggests emplacement of  these rocks at  depths of  
less than approximately 6 kilometers (Hyndman, 1972). An independent 
estimate of the depth o f  in t rus ion  may be obtained by consideration  
of the q u a r tz -a lb i te -o r th o c la s e  ternary diagram.
Residual s i l i c a t e  l iq u id s  in the system NaAlSi^Og-KAlSi^0g-Si02- 
HgO ( Ab-0 r -Q tz -H 20 ) reach the q u a r t z - a lk a l i  fe ldspar boundary curve 
and approach an isobaric  quaternary thermal minimum whose composition 
is  dependent on PH2O ( T u t t l e  and Bowen, 1958). A p lo t  of  the normative 
components a l b i t e ,  orthoclase,  and quartz has been projected onto the 
Ab-0 r - S i 02 basal face of  the quaternary Ab-0r - S i 02-H20 tetrahedron for  
two a la s k i te  samples and is shown in Figure 26. The posit ion of the 
isobaric  quaternary minimum on the pro ject ion a t  various water pres­
sures and i t s  s h i f t  toward the Ab component with increasing PH2O is  
also shown (Jahns and T u t t l e ,  1963). Applicat ion o f  the Ab-0r-Si02-H20  
system to the a la s k i te  is  considered v a l id  because the normative An 
content is less than one percent and because the a la s k i te  is  con­
sidered a product of c r y s t a l l i z a t i o n  a t  the quaternary e u te c t ic  as 
discussed in the la s t  chapter.
Figure 26 shows th a t  the a la s k i te  compositions are close to the 
trend of  the quaternary minimum; i t  also indicates tha t  an average 
PH2O o f  less than 0 .5  k i lobars  existed a t  the time the a la s k i te  was 
l i q u id .  I f  the average density fo r  the overly ing g r a n i t ic  and meta- 
sedimentary rocks is assumed to be about 2 .7  gm/cc (Hyndman, ms) and
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Figure 26. E f fe c t  of  water pressure on the Isobaric  miniirum in 
the system NaAlSi^Og-KAlSIo0g-'SiÜ2-H20 .
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the mechanical strength o f  the overly ing rock mass is  neglected, the 
ca lcu la ted  pHgO is equ iva lent  to a depth o f  less than 1.9 kilometers.
The indicated p a r t ia l  pressure of water may be subject to some 
rev is ion  because the e f fe c ts  of  v o la t i l e s  other than water and the 
small normative An content has not been evaluated. The probable 
e r r o r ,  however, is u n l ik e ly  to exceed tha t  involved in determining 
ing PH2O from the experimental ly  derived posit ion of  the quaternary  
minimum. A c r i t i c a l  assumption l ie s  in the equivalence assumed 
between pHgO and the load pressure. The load pressure during crys­
t a l l i z a t i o n  of  the a la s k i te  is considered here to be e s s e n t ia l ly  
s t a t i c  and due so le ly  to the weight o f  the overly ing rock mass, ra ther  
than being influenced by other stress f ie ld s  resu lt ing  from tectonism,  
magma surge or f a u l t in g .  This assumption may not be va l id  since 
the T e r t ia r y  in t rus ives  were apparently emplaced in to  an extensional  
environment as discussed in the next chapter.
Summary
The important points in the preceding discussion may be summarized 
as follows:
1) Ab-Or-An, Na20-K20-Ca0 ternary  plots and s i l i c a  v a r ia t ion  
diagrams for  analyses o f  Cretaceous and T e r t ia r y  in t ru s ive  
rocks ind ica te  separate magmatic sources fo r  the two suites  
of  rocks.
2) S im i la r  chemical signatures separate T e r t ia r y  rocks in to
two d is t in c t  comagmatic suites:  r h y o l i t e ,  a l a s k i t i c  g ra n i te ,
and pink g ra n i te ;  and l a t i t e ,  quartz l a t i t e ,  and quartz
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d i o r i t e .  In add it ion  to t h e i r  close chemical a f f i n i t i e s ,  
members o f  each o f  the two groups have a s im i la r  mineralogy,  
occur in close spa t ia l  proxim ity ,  and display consistent  
temporal r e la t io n s .  On the basis o f  these four c r i t e r i a ,
I conclude tha t  the two assemblages represent two comagmatic 
suites o f  rocks.
3) Based upon t h e i r  outcrop d is t r ib u t io n ,  the T e r t ia r y  porphy- 
r i t i c  dike rocks appear to represent offshoots or "apophyses" 
o f  la rg e r  p lutonic  masses which subsequently intruded part of  
t h e i r  own dike system. The two suites of dike rocks each show a 
r e l a t i v e l y  wide range of  s i l i c a  content which may ind icate  
t h e i r  der iva t ion  from several leve ls  w ith in  d i f f e r e n t ia t in g  
magma chambers.
4) V a r ia t io n  diagrams fo r  AlgOg, Fe^ot* Mno, K^O, P^Og, and
TiOg show good l in e a r  trends fo r  a l l  T e r t ia ry  samples. Such
trends are commonly taken as evidence fo r  comagmicity fo r  
the analysed samples. Further work concentrating on the 
geochemical, f i e l d ,  and pétrographie re la t io n s  may ind icate  
a deeper comagmatic source fo r  a l l  T e r t ia r y  rocks.
5) Estimated depths of emplacement fo r  a l l  the T e r t ia ry  in t r u ­
sions are less than 1.9 k i lometers,  provided r e la t i v e ly
l i t t l e  time passed between emplacement of  the two suites.
An a la s k i te  body, upon which th is  estimate is based, is  
in te rp re te d  as a h i g h - s i l i c a ,  d i f f e r e n t ia te d  "cap" and 
marginal fac ies  o f  the pink g ran i te .  This u n i t  may be a
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s u i ta b le  ta rg e t  fo r  base and precious metal explorat ion  
and, qu i te  possibly ,  fo r  rare earth minerals. Reid (1963) 
noted th a t  aquamarine occurs la rg e ly  as subhedral grains  
w ith in  a la s k i te  o f  the Sawtooth area and suggests tha t  "the  
rock seems to have been r ic h  in v o la t i le s "  (p. 25) .  Vola­
t i l e - r i c h  magmas are l i k e l y  candidates fo r  the concentration
of  base and precious metals and rare  earths owing to the
depolymerized nature of the melt s tructure  (H i ld re th ,  1980).
H ig h -s i l i c a  roof zones of  b i o t i t e  granites in the ring complexes 
of Northern N iger ia  (MacLeod and others, 1971) contain major concen­
t ra t io n s  of  disseminated accessory minerals enriched in Sn, W, Mo,
Nb, Ta, Y, U, Th, Be, L i ,  and F. Much o f  the Nigerian m in era l iza t io n
remained dispersed w ith in  the subhorizontal roof zones of  high Na/K
granites ra th e r  than having been remobilized into major veins by 
postmagmatic f lu id s .  Copper-poor "porphyry molybdenum" deposits tend 
to also occur in h ig h - s i l i c a ,  a l k a l i  r ich  upper parts o f  certa in  
g r a n i t i c  stocks in western North America.
CHAPTER V 
STRUCTURAL FRAMEWORK
Three s t ru c tu ra l  features define the dominant northeast s truc­
tu ra l  grain in the area: 1) the elongate northeast-trending contact
between Idaho b a th o l i th ic  rocks and T e r t ia r y  pink gran ite ;  2) north­
eas t- t rend ing  high-angle normal block fa u l ts ;  and 3) northeast-  
trending dikes.
Pink Granite -Cretaceous Granodiorite Contact
Although commonly obscured by vegetation,  the contact between 
these two units appears to be dipping away from the T e r t ia ry  stock at  
between 50 and 80°. The contact is best exposed on the ridge south­
west of  the confluence between Cat Creek and South Fork Cat Creek 
(F ig .  27) .  Here the contact is marked by r e s is ta n t ,  v e r t i c a l l y  to 
s u b -h o r izo n ta l ly  jo in ted  c l i f f s  and ledges of  pink gran i te  over la in  by 
rounded, deeply weathered exposures and gruss of  b a th o l i th ic  rocks.
The contact is also expressed by outwardly pointing V-shaped portions  
where i t  crosses stream channels and other loca l ized  topographic 
depressions. The contact may in part  be a fau l ted  contact as brec-  
c ia t io n  and granulation o f  the pink gran ite  was noted along the con­
ta c t  near the mouth o f  Deadman Creek.
Pervasive green a l te r a t io n  several hundred meters wide is well  
developed in many placed w ith in  both pink gran ite  and surrounding
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b a t h o l i th ic  rocks near the contact.  Thin section study reveals  
th a t  the a l te re d  rock was subjected to strong, pervasive crushing or 
non-d irect iona l  m y lo n i t iza t io n  (Reid, 1963). A l te ra t io n  minerals 
include in tens ive  c lay development of feldspars and c h lo r i t i z a t io n  
of b i o t i t e .
I in t e r p r e t  these features to ind ica te  fo r c ib le  emplacement of  
the pluton in to  ra th er  cold, b r i t t l e  rocks o f  the epizone and conse­
quent loca l ized  a r g i l l ^ c  hydrothermal a l t e r a t io n  in and near the con­
ta c t .  On-going hydrothermal a c t i v i t y  near th is  contact is indicated  
by ac t iv e  hot springs along the lower reaches o f  Deadman Creek. 
Brecciat ion of  pluton and country rock in and around the contact pro­
vided channelways fo r  hot,  corrosive f lu id s  emanating from the pluton.  
Forcib le  emplacement of the other T e r t ia r y  stock has already been d is ­
cussed in Chapter 3 and a t te s ts  to the dominant emplacement mechanism 
fo r  these epizonal plutons.
Faults
Prominent northeast- trending fa u l ts  are v is ib le  w ith in  the eastern  
two-th irds of  the map area. The fa u l ts  have an average trend of about 
N35°E. Most of  the observed fa u l ts  trend w ith in  10° of  th is  average, 
and a few trend more than 15° away from i t .
Exposures o f  f a u l t  planes are ra re ,  and most o f  those seen repre­
sent minor movements too small to be shown on P la te  1. A l l  o f  the 
f a u l ts  d isp lay  in te r m i t te n t  prominent bleached zones which vary from 
a few tens to a few hundred meters across. The bleached zones are
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Figure 27. Photograph of outwardly-dipping con­
tact between underlying pink granite 
and older granodiorite. View is 
southwest looking up Cat Creek.
F i g u r e  2 8 . Photograph showing anomalous position 
of bedrock-floored stream drainage 
(at head of arrow) along west side 
of Cat Creek fault.
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t y p i f i e d  by those found a t  the head and along the southeast f lank of  
Cât Creek (F ig .  28) and are character ized by white -  to tan-colored  
non-res is tan t  f a u l t  gouge commonly devoid of  vegetative cover. The 
f a u l t  gouge normally consists of  very f r i a b l e  bedrock debris which 
ranges from handsize fragments to f in e l y  comminuted rock powder remini­
scent of rock f lo u r .  In a fev/ places, f a u l t  brecc ia ,  in which angular 
fragments o f  widely  d i f f e r e n t  sizes have been recemented by s i l i c a ,  
carbonate and i ron-ox ides ,  stands up in prominent r e l i e f .  The best 
example of  such breccia is found in r h y o l i t e  dikes along the eastern  
f lank o f  Warm Springs Creek.
Some of the f a u l t s ,  such as the one which occupies the v a l le y  of  
South Fork Cat Creek, are in or approximately p a r a l le l  to northeast-  
trending stream v a l leys .  Others, l i k e  the f a u l t  along the southeast 
f lank  o f  Cat Creek, seem to have l i t t l e  or no r e la t io n  to topography 
and fo l low  along or s l i g h t l y  below r id g e l in e s ,  commonly transversing  
several drainages. As shown on P la te  1, the fa u l ts  dip northwest, or 
more commonly southeast, genera l ly  a t  high angles. The f a u l t  traces  
as mapped are s l i g h t l y  sinuous to nearly  s t r a ig h t ,  and corroborate the 
conception of  moderate to steep dips measured on slickensided f a u l t  
surfaces during reconnaissance mapping south o f  the area. Several of  
the f a u l t s ,  including the Cat Creek and South Fork Cat Creek f a u l t s ,  
were mapped continuously fo r  distances o f  g rea ter  than 11 k ilometers.  
Reconnaissance geological mapping in the Eightmile and Warm Springs 
Creek 7 .5 '  quadrangles suggest tha t  a l l  fa u l ts  extend several k i l o ­
meters to the south.
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D ire c t  measurement of  the amount of  net s l ip  is d i f f i c u l t  because
of  the lack o f  r e l i a b l e  horizon markers, but movement along some of
the fa u l ts  is  c le a r ly  s u b s tan t ia l .  For example, the horizontal  
component of  displacement along the South Fork Cat Creek f a u l t  is  
approximately 800 meters. Assuming a 70^ southward dip of the pink 
gran i te  contact ,  approximately 2,200  meters of  purely v e r t ic a l  sepa­
ra t ion  is  postulated along th is  f a u l t .  The same order o f  magnitude
fo r  displacement along north-northeast  trending fa u l ts  is reported
by Ross (1934) in the Casto quadrangle, and Anderson (1947) in the 
Boise Basin.
Timing of  movement along the fa u l ts  is uncertain,  but several
periods o f  displacement are ind icated.  The greatest  apparent d is ­
placement is demonstrated by the pink g ra n i te -g ra n o d io r i te  contact  
along the f a u l t  occupying the v a l le y  o f  South Fork Cat Creek.
Smaller displacements o f  r h y o l i t e  and diabasic dikes were noted along 
fa u l ts  on the east f lan k  o f  Warm Springs Creek and in the Bull Trout 
Point area and ind icate  a c t i v i t y  during e a r ly -  or m id -T er t ia ry  time.
Recent tecton ic  a c t i v i t y  is ind icated by terraces preserved on
the downthrown block of  the South Fork Cat Creek f a u l t  in the v i c in i t y
o f  Warm Springs Creek (P la te  1) .  The terraces are f a i r l y  f l a t  level  
surfaces perched conspicuously 70 to 150 meters above the present-day  
stream le v e l .  These terraces are mantled with f ine -g ra ined  c la s t ic  
debris between 2 to 5 meters th ick  which support la rg e ,  rounded g la ­
c ia l  e r r a t i c s .  Within the same area, s l id e  m ateria l  was recent ly  shed 
o f f  the upthrown block and across the former channel o f  South Fork Cat
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Creek. Ponding behind th is  s l id e  has resulted in the accumulation of  
f in e  s i l t  mater ia l  which is v is ib le  on a e r ia l  photographs as a r e la ­
t i v e l y  wide f l a t  area w ith in  the drainage basin. Near the head of  
Cat Creek, an a c t ive  stream channel, incised in to  bedrock, is s ituated  
approximately 30 meters above the v a l le y  f lo o r  (F ig .  28 ) .  The channel 
is  on the west side o f  the Cat Creek f a u l t  which can be traced along 
the base o f  the opposite stream bank. This section of  the main v a l ley  
is  o v e r f i t  and the v a l le y  walls  are underlain p r im a r i ly  by ea s i ly  
weathered f a u l t  gouge.
F ie ld  r e la t io n s ,  there fo re ,  suggest two periods of  mainly normal 
movement. The e a r l i e r  and presumably major period of  a c t i v i t y  pro­
bably took place during emplacement of  T e r t ia r y  in trus ions.  The exten­
sional b lo c k - fa u l t in g  may have provided "room" for  upwardly-migrating  
plutons or acted as planes o f  s t ru c tu ra l  weakness along which the 
plutons were fo r c ib ly  emplaced. S t r i k e - s l i p  motion along these fa u l ts  
may have occurred at  th is  t ime, however, t h e i r  association w ith  dikes 
and re la te d  extensional features may ind icate  dominantly normal move­
ment. Sense o f  movement along the fa u l ts  indicates downward-stepping 
b lo c k - fa u l t in g  to the southeast. A minor amount of  Quaternary o f fs e t  
along these fa u l ts  is indicated by d isruption or preservation of  
g la c ia l  or Recent landforms.
Pi kes
The most d i s t in c t i v e  s t ru c tu ra l  element of  the area is the north-  
northeast trending su i te  of  dikes. As indicated e a r l i e r ,  most of  the
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dikes range in composition from l a t i t e  to r h y o l i t e .  With the exception 
of vo lu m e tr ic a l ly  minor diabase, the dikes represent apophyses of  r e la ­
ted T e r t ia r y  plutons or were derived from common magmatic sources at  
depth.
The dikes have an average trend of about N 15° E. Most of the 
mapped dikes trend w ith in  10°  of  th is  average and a few trend more 
than 15° away from i t .  Northwest-trending dikes,  although uncommon, 
co n s t i tu te  a secondary d ike - trend  set .  Most of these dikes are located 
along the western f la n k  of  Spring Creek.
Several features of  the dikes suggest tha t  they are in je c t io n  
features and not the products of  metasomatic replacement. Contacts 
of the dikes are genera l ly  sharp and s u b -p a ra l le l ,  and f ine -gra ined  
border zones are common. Flow s t ru c tu res ,  including flow banding 
and t ra c h y t ic  te x tu re ,  are commonly observed w ith in  the dikes.
Exposures of  wall  rocks along dike contacts often contain sub-para l le l  
s t r ia e  reminiscent of s l ickensides and may ind icate  in je c t io n  of dike  
m ater ia l  along p re -ex is t ing  f a u l t  planes or abrasion of  country rock 
during dike in je c t io n .
The remarkable un iform ity  of  the trend of  dikes in the area sug­
gests th a t  a p r e -e x is t in g ,  regional stress f i e l d  existed a t  the time 
of d ike -p lu ton  emplacement. Olson (1968) has demonstrated the ex is ­
tence of  pervasive north-northeast  f ra c tu r in g  in o lder  b a th o l i th ic  
rocks in the Red Mountain area. Reid (1963) shows dominantly north­
e as t- t rend ing  f ra c tu re  and j o i n t  systems in both Cretaceous and Ter­
t i a r y  g r a n i t i c  rocks o f  the Sawtooth area as does K i i lsgaard  (w r i t te n  
comm., 1981) in the 10 M ile  RARE I I  area.
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Invest igators  who have studied f l u i d  f ra c tu r in g  from both a 
the o re t ic a l  and experimental standpoint general ly  conclude that  
f rac tures  form normal to the d i re c t io n  of lea s t  compressive stress.  
Anderson (1951) stated th a t  dikes form perpendicular to the least  
p r in c ip le  stress d i re c t io n .  Hubert and W i l l i s  (1957) have shown 
both th e o r e t ic a l l y  and experimental ly  th a t  f ractures  induced by f lu id  
pressure form perpendicular to the le a s t  compressive stress d irec t io n .
The trend of extension f rac tures  and the composite thickness of 
dikes in the f i e l d  area ind ica te  s ig n i f i c a n t  nearly  east-west crustal  
extension. The minimum w a l l - ro c k  extension produced by dike in je c t io n  
is  3,250 meters. This f ig u re  was ca lculated by m ult ip ly ing  the number 
of non-aligned dikes w ith in  10° of N 15° E by 22.5  meters which is the 
average thickness of dikes p lo t ted  on P late  1. A more reasonable 
estimate would also include th a t  thickness o f  dikes too narrow to be 
shown a t  map scale. No. more than 65 percent of  a l l  dikes in the area 
are sliown on P la te  1. Assuming an average thickness of 4 meters for  
those dikes not shown gives a conservative to ta l  of  approximately 
3,450 meters of  wall  rock d i l a t i o n .  This corresponds to approxi­
mately 35 percent expansion of to ta l  rock volume.
Summary
Major s t ru c tu ra l  elements w ith in  the area record regional north-  
west-southeast crusta l  extension during e a r ly  and middle Eocene time. 
Forc ib le  emplacement of  h igh - leve l  plutons was accompanied by high-  
angle normal f a u l t in g  and the in je c t io n  of dike m ateria l  which, in
i
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Figure 29. Schematic block diagram of Red Mountain-Bull Trout Point area showing 
relations of major structural features. Northwest-southeast crustal 
extension results in high-angle faulting and fracturing which localizes 
emplacement of Tertiary intrusions including pink granite (stip led), 
quartz diorite (V-pattern), and associated dikes. Some of the earlier  
dikes are subsequently intruded by their own plutonic source during 
final emplacement of the la tte r .
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p a r t ,  preceded emplacement of  the plutons. Plutons presumably rose 
along deep-seated north-northeast  trending planes of s t ructu ra l  weak­
ness, including some of the normal f a u l ts  which produced f a u l t -  
bounded contacts. B r i t t l e  extensional f ra c tu r in g  w ith in  th is  near­
surface environment tapped deeper, presumably more mobile portions  
of the upwardly-migrating p lutonic  core magma and provided pathways 
f o r  the emplacement of  dike mater ia l  before,  during, and a f t e r  f in a l  
emplacement of the pluton. Few of the dikes penetrate in to  t h e i r  own 
plu ton ic  core, and i t  is l i k e l y  th a t  f ra c tu r in g  w ith in  the plutons 
was l im i te d  a t  th is  time. Presumably, the plutons were s t i l l  r e la ­
t i v e l y  hot and may have reacted somewhat p l a s t i c a l l y  to extensional  
forces placed upon them. Griggs (1960) has shown tha t  higher temper­
atures enhance the a b i l i t y  of  rocks to react  p l a s t i c a l l y  to stresses 
placed upon them.
Figure 29 is a schematic diagram showing the re la t ion s  of  
s tru c tu ra l  elements discussed above. These re la t io n s  suggest a major 
northeast- trend ing extensional tecton ic  fe a tu re ,  perhaps an in c ip ie n t  
crustal  r i f t ,  was a c t ive  during Early  T e r t ia r y  time and brought about 
a t  lea s t  35 percent loca l ize d  extension of the crust.  The zone of 
r i f t i n g  may have been responsible fo r  generation of T e r t ia r y  calc-  
a lk a l in e  magma, and served as a foci  fo r  i t s  f in a l  emplacement.
CHAPTER VI
VAPOR PHASE CRYSTALLIZATION IN 
LEUCOCRATIC GRANITE
During the course of  d e ta i le d  geologic mapping in the Red Moun­
ta in  area ,  several consistent but p e c u l ia r  features were noted in 
dikes of leucocra t ic  Cretaceous-aged g ran i te  and in the surrounding 
country rocks. These features are s ig n i f i c a n t  in tha t  they provide 
information as to the character of  a d iscre te  w a te r -r ich  phase in 
the la te  cooling h is tory  o f  the leucocrat ic  g ran i te .
Leucocratic g ran i te  has been described by several workers w ith in  
the A t lan ta  lobe of  the Idaho b a th o l i th .  A l l  workers agree tha t  the 
rock probably represents a la te -s ta g e  d i f f e r e n t i a t e  or magmatic pulse 
re la ted  to the Idaho b a th o l i th .
The u n i t  forms a discontinuous swarm of northwest-trending dikes 
and d ik e le ts  in the Cat Lakes-Lost Lakes region. The contact between 
a mass of  Klg and underlying p o rp h y r i t ic  g ran i te  on the d iv ide  be­
tween north and south forks o f  Cat Creek is  nearly f l a t - l y i n g .  The 
two bodies, although o f f s e t  along the f a u l t  p a r a l le l  to Cat Creek, 
are s im i la r  in outcrop and mineralogy, and may be re la ted .
These bodies cross-cut other units of  Cretaceous Idaho ba tho l i th  
including f o l i a t e d  g ra n i te  and po rp hyr i t ic  g ran i te .  Dikes of leuco- 
gra n i te  d iscordantly  cut and is o la te  angular blocks of  porphyr i t ic  
g ra n i te  in the 10-Mile  RARE 11 area. Leucocratic g ra n i te  also trun­
cates pegmatite of  p o rp h y r i t ic  g ran i te  ind ica t ing  tha t  the u n i t  was
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emplaced a f t e r  consolidation of  o lder  b a th o l i th ic  phases.
Euhedral magnetite megacrysts e x is t  w ith in  the swarm of west 
northwest-trending dikes o f  leucocrat ic  g ran i te  north of Red Mountain. 
The megacrysts are surrounded by concentric bands of  c lea r  quartz  
and q u a r tz - fe ld s p a r  halos. The megacrysts are ubiquitous w ith in  the 
leucocrat ic  rock and w ith in  o lder  b a th o l i th ic  rock as f a r  as 600 
meters north of the swarm. Fe ls ic  halos range from .5 to 50 c e n t i ­
meters in width but commonly are between 1-4 centimeters across.
Larger halos may contain several magnetite megacrysts up to .5  c e n t i ­
meters in length (F ig .  30) whereas smaller  halos contain a t  most one.
The megacrysts t y p ic a l l y  occur a t  or near the bottom of  the 
f e l s i c  halos which are e l l i p t i c a l ,  teardrop, or tabular  in shape.
These features def ine  a l in e a t io n  which plunges steeply to the south­
east and p a r a l le ls  f o l i a t i o n  w ith in  the dike rocks defined by f in e  
f lakes  of  b i o t i t e  (F ig .  31).
Examination of polished sections using a r e f le c t in g  microscope 
showed th a t  the magnetite grains range from t in y  i n t e r s t i t i a l  anhedra 
less than 1 mm in length to euhedral megacrysts up to 1 centimeter in 
diameter. Small i n t e r s t i t i a l  grains are composed of a t itanomagnetite  
host with between 5 and 10 percent i lm en ite  exsolution lamellae. In 
some grains two periods of  sub-solidus exsolution are indicated by 
two sets o f  exsolution lamellae which are of widely d i f f e r e n t  sizes  
(F ig .  32 ) .  Larger grains contain no exsolution lamellae and appear 
to be homogeneous T i - r i c h  magnetite or t i tanomagnetite .
Figure 30. Photograph showing cluster of magnetite
megacrysts in large quartz-feldspar halo.
Figure 31. Photograph of lineation defined
by elongate quartz-feldspar halos 
around magnetite megacrysts.
Figure 32. Reflecting microphotograph of two generations 
of ilmenite exsolution lamellae in titano- 
magnetite host.
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I Im en ite - t i tanom agnet i te  intergrowths are well known in nature  
(Ramdohr, 1969). The existence of FeTiO^ ( i lm e n i te )  -FegO^ (magnetite)  
so l id  solutions has been suggested experimental ly  by Wilson (1953)  
and Roy (1954) by successfully  homogenizing magnet ite - i Imenite  
intergrowths by heating rock samples. Buddington (1964) suggests 
tha t  the intergrowths may form by oxidation of  magnetite-ulvospinel  
(FegTiO^) s o l id  solutions and concomitant exsolution of i lm enite  due 
to decreasing temperatures.
Geothermometers have been proposed by several authors (Budding­
ton, 1955; Buddington and Lindsley,  1964; and Carmichael, 1967) in 
which the compositions of magnetite-ulvospinel sol id  solutions in 
equ i l ibr ium  with i lm en ite  varies  d i r e c t l y  with temperature. Budding­
ton (1964) showed, however, th a t  fo r  a given temperature compositions 
of the s o l id -s o lu t io n  series become successively lower in I i 02 with  
increasing fO^. The compositions of these phases in mutual e q u i l i ­
brium are ,  th e re fo re ,  dependent on oxygen fugacity  ( fÛ 2 ) as well  as 
temperature. Analysis of both the magnetite-ulvospinel and coexisting  
i lm en ite -hem at i te exsolution pairs permits estimation of both oxygen 
fugac ity  and temperature (Buddington, 1964).
A range of  temperatures and oxygen fu g ac i t ie s  may be estimated 
fo r  the formation of  the megacrysts by assumping "reasonable" compo­
s i t io n s  o f  magmatically-derived t i t a n i fe ro u s  magnetite and f e r r ia n  
i lm e n i te .  The shaded area in Figure 33 corresponds to the range of  
magmatically-derived c a lc -a lk a l in e  m agnet i te - i Im en ite  compositions 
reported by Buddington (1964) .  Temperatures o f  between 550 and BOÔ C
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Figure 33* Compositions, in mole percent, of coexisting 
ilmenite-hematite and magnetite-ulvospinel solid 
solutions as a function of temperature and oxygen 
fugacity shown as -logf(O 2 ). (After Buddington and 
Lindsley, 1964). Bars are T-f(O^) stability bound 
aries for oxidation reaction biotite+ 0 2 ^-^inagnetite 
+muscovite+quartz using annite components of 0.5 
(upper curve) and 1.0 (lower curve). (From Wones 
and Eugster, 1965.)
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are ind icated  f o r  the formation of the megacrysts with log f 02 
values of  between 12.5  and 20 .
In th in  section,  the megacrysts are completely opaque ranging 
from small i n t e r s t i t i a l  anhedra to la rg e ,  contiguous grains. Larger  
grains are p o i k i l i t i c ,  including smaller anhedra of quartz and 
fe ldspar .  Very narrow selvages o f  pleochroic yellow-green to c lear  
white mica commonly surround the megacrysts. Other minerals asso­
c ia ted with the selvages are sphene and a l l a n i t e .  An i r r e g u la r  band 
of c lea r  to smokey-color quartz genera l ly  surrounds large megacrysts. 
The bands are of  v a r ia b le  thickness and where c lusters  of megacrysts 
occur w i th in  a s ing le  qu a r tz - fe ld sp a r  corona, the quartz bands are 
t y p ic a l l y  connected, forming a three-dimensional network of  planar to 
i r r e g u la r  veins and v e in le ts .
Since the qu ar tz - fe ld s p a r  halos d i f f e r  from surrounding g r a n i t ic  
rock only in t h e i r  complete lack of b i o t i t e ,  i t  seems reasonable to 
assume th a t  the magnetite megacrysts grew a t  the expense of b i o t i t e .  
This conclusion is re in forced by the fa c t  th a t  the halos are p a ra l le l  
to a f o l i a t i o n  defined by aligned f lakes  of  b i o t i t e .
Eugster and Wones (1962) and Wones and Eugster (1965) have showed 
tha t  b i o t i t e  w i l l  react  to increases in oxygen fugac ity  conditions to 
form a number o f  assmeblages including the assemblage magnetite plus 
muscovite plus quartz ;  the same products as those most commonly seen 
w ith in  the q u a r tz - fe ld s p a r  halos. B io t i t e  c r y s t a l l i z i n g  from a magma 
may fo l low  a more i r o n - r ic h  trend or more magnesium-rich trend, depend­
ing upon the fÛ2 conditions during cooling. I f  f 02 is decreasing with
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decreasing temperature, Mg/Fe ra t io s  o f  anhydrous phases e i th e r  de­
crease or change very l i t t l e .  Increasing fOg leads to the production 
of  magnetite and an increase in the Mg/Fe ra t ios  of  b i o t i t e  due to the 
oxidation o f  Fe^*. In an aluminous environment, b i o t i t e  is stable  
with muscovite, quartz ,  and magnetite over f a i r l y  l im ited  and w e l l -  
defined f 02“ °T regions. The react ion is:
KFe^AlSi302q (0H)2 + A l2$iO^ + I / 2O2 
( B i o t i t e )  (Si 11imanite)
KAl 2AlSi 30]^q(0H ) 2 + Fe^O^ + SIO2
(Muscovite) (Magnetite)  (Quartz)
Considerable s u b s t i tu t io n  of  Mg for  Fe^^ in b i o t i t e  and A1 in muscovite
would be expected in reactions involving b i o t i t e  from c a lc -a lk a l in e
g r a n i t i c  rocks.
Wones and Eugster (1965) have p lo tted  s t a b i l i t y  boundaries fo r  
th is  react ion  against temperature and oxygen fug ac i ty .  The s t a b i l i t y  
boundaries fo r  th is  react ion involving annite components o f  1 and .5 
(covering the range of typ ica l  c a lc -a lk a l in e  b i o t i t e  compositions) 
have been projected onto the geothermometer o f  Buddington and Lindsley  
(1964) and are shown in Figure 33. Note tha t  the boundaries t ig h t l y  
bracket compositions of  t i tano m ag net i te - i Im en i te  pairs found in mag­
matical l y -d e r i  ved c a lc -a lk a l in e  iron oxides.
The above considerations,  while  not conclusive, are permissable 
evidence fo r  the conclusion th a t  the megacrysts were derived during the 
l a te  magmatic stage of  the leucocrat ic  g ran i te  and are the r e s u l t  of  
lo c a l ize d  increases in f 02 o f  i t s  residual melt phase. Increases in 
fÛ2 demonstrated by th is  react ion may most e a s i ly  be explained by the
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buildup o f  water w i th in  the leucocrat ic  g r a n i t ic  melt due to ear ly  
c r y s t a l l i z a t i o n  of  anhydrous phases. That th is  period o f  c r y s t a l l i ­
zat ion may have occurred in the magmatic stage is also suggested by 
d i la t io n a l  pegmatite dikes which cut through, and are therefore  l a t e r  
than, the qu artz - fe ld s p ar  halos surrounding the megacrysts. The peg­
m at i te  dikes presumably r e f l e c t  the l a s t  residual melt phase of the 
leucocrat ic  g r a n i t i c  melt .  This conclusion is in agreement with  
Buddington and Lindsley (1964) who in fe rred  tha t  a l l  such oxide 
mineral segregations which occur in igneous rocks are derived d i r e c t ly  
from magmas.
Separation of  th is  w a te r - r ic h  phase to form m ia r o l i t i c  cav i t ie s  
did not occur ind ica t ing  depths o f  emplacement greater  than 6 k i l o ­
meters (Hyndman, 1972). This f l u i d  phase was lo c a l ly  pervasive,  
a l te r in g  b i o t i t e  f lakes w ith in  nearby roof pendants to magnetite.
One roof  pendant, stoped d i r e c t l y  in to  the leucocrat ic  magma is com­
p le t e ly  a l te re d  to magnetite, fe ldspar  and quartz demonstrating the 
a l t e r a t io n  in te n s i ty  o f  th is  f l u i d  phase.
Discussion
Chemical analyses o f  leucocrat ic  g ran i te  suggest tha t  i t  repre­
sents a l a t e  stage d i f f e r e n t i a t e  of Cretaceous magma. The rock con­
ta ins the highest concentrations of  SiOg, K2O and the lowest concen­
t ra t io n s  of  a l l  other oxide constituents except Na2Û and A I2O3 r e la ­
t iv e  to a l l  other  Cretaceous-age map un its .  This conclusions is  
supported by abundant s t ru c tu ra l  observations which show the u n i t  as
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in termediate  in age between older  b a th o l i th ic  rocks and in tru s ive  
rocks re la te d  to the T e r t ia r y  C h a l l is  thermal event. I concur with  
Anderson (1947) th a t  the "compositon suggests a source in a deeper
(more f e l s i c )  par t  o f  the b a t h o l i t h  whereas i t s  texture  indicates
r e l a t i v e ly  rapid cooling as though the magma had been in jected in to  
the s o l id  and cooler par t  of  the b a th o l i th "  (p. 133).
The pos it ion  of  the magma may have been contro l led  by deep- 
seated fa u l t in g  and f is su r in g  w ith in  the b a th o l i th .  A north northwest- 
trending l in e a r  swarm of  roof pendants one ki lometer north of the dike  
swarm may ind ica te  local subsidence of  the ba tho l i th  along a north­
west-trending shear. Possibly the leucocrat ic  dikes were emplaced 
along th is  shear. This scheme, presented hypothe t ica l ly  in Figure 34, 
would allow i n i t i a l l y  fo r  the symmetrical d is t r ib u t io n  o f  megacrysts 
both north and south o f  the dike swarm (#1 in Figure 34).  Subsequent 
movement along th is  shear may have downdropped the northern block 
thus preserving the megacryst aureole only on the northern side of  
the dike swarm (#2 in Figure 34).  Penecontemporaneous fa u l t in g  asso­
ciated with the emplacement of the dikes would also explain deforma- 
t io na l  fabr ics  in these rocks which include b i o t i t e  f o l i a t io n  
and s c h l ie ren ,  and augen-shaped, sub -p ara l le l  quartz - fe ldspar  
halos shown in Figure 31.
Perimeters o f  the f e l s i c  halos are f a i r l y  sharp and are defined  
by an abrupt change in b i o t i t e  content.  The sharp ou t l in e  of  the 
halos presumably ind ica te  steep fÛ2 gradients across t h e i r  boundaries 
with markedly d i f f e r e n t  fÛ2 concentrations on e i t h e r  side of  the
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Figure 34 Schematic diagram for emplacement of leucocratic granite dikes along west-northwest-trending 
shear in older batholithic rocks. Note the 
asymmetric distribution of magnetite megacrysts 
and foliated roof pendants with respect to the 
dike swarm in part 2. See text for further 
explanation.
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boundaries. The megacrysts and associated depleted halos may be 
v is ua l ize d  as lo c a l ized  w a te r - r ic h  centers w ith in  the melt i t s e l f .  
L o c a l iza t io n  o f  the d i f fu s e  vapor phase may have been brought about 
by d i f fu s io n  o f  water to zones of  low pressure created by shear 
couples in the melt  (F ig .  35).
In a r e l a t i v e l y  h ig h - s i l i c a  rock l i k e  the leucocrat ic  granite  
dikes,  melt s t ructu re  must be dominantly contro l led  by the r a t io  of  
a l k a l is  to network-forming cations and by the degree to which d is­
solved H2O replaces bridging oxygens with nonbridging OH" groups 
(D. A l t ,  pers. comm., 1980). Thus magma w ith in  these w ater -r ich  
centers vtas probably less polymerized than the surrounding c ry s ta l -  
l iq u id  melt.  Dissolved v o la t i l e s  (e .g .  water) would not only 
depolymerize the m elt ,  but could enhance cation m ob i l i ty  ( including  
Fe '̂*’ and Fe^^ involved in the formation of  the magnetite megacrysts) 
both through complexing. and by increasing cation d i f f u s i v i t i e s .
Watson (1977) and Ryerson and Hess (1978) have shown that  
increased polymerization decreases the s t a b i l i t y  o f  high f i e l d -  
strength cations in s i l i c a t e  melts. Strongly polymerized s i l i c i c  
l iqu ids  provide r e l a t i v e l y  few s u i ta b le  s i tes  fo r  highly charged 
species unable to " f i t "  w i th in  the alumino-si 1ica te  network. H i l ­
dreth (1980) has shown th a t  the strongest enrichment factors fo r  the 
high s i l i c a ,  w a te r - r ic h  roof zone of the Long Val ley  magma chamber 
were, in order of  decreasing concentration: niobium (Nb),  chlorine
( C l ) ,  antimony (Sb),  tantalum (T a ) ,  and uranium (U).  These same 
enrichment trends might be expected w ith in  the w a te r - r ic h  portions
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Figure 35. Schematic diagram for formation of magnetite
megacrysts in the Red Mountain area. Shearing 
in leucocratic granite melt causes foliation 
of biotite and migration of water-rich phase to 
zones of lower pressure. Water-rich phase then 
reacts with biotite to form the assemblage magnetite muscovite, and quartz.
HIGHER PT O T A L
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(HgO. VO LATI LES?)VAPOR PHASELATE
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of  the leuco cra t ic  g ran ite  melt now expressed by the magnetite megacrysts 
and associated f e l s i c  halos.
Extrapola t ion  of  the trend of the leucocrat ic  dike swarm beyond 
the map area to the northwest indicates tha t  these features may 
under l ie  the provenance area outl ined by Truesdell  (1977) ,  and Mackin 
and Schmidt (1953) fo r  the Bear Val ley  rare earth placer deposit .
This p lacer  contains s ig n i f ic a n t  q u ant i t ies  of euxenite,  a "rad io­
ac t iv e  black" mineral containing niobium, tantalum, uranium, and 
other rare  earths ,  and also columbit e - tantalum, an oxide of niobium 
and tantalum. Contours o f  uranium concentrations in bedrock (Trues­
d e l l ,  1977) w ith in  the Bear Va l ley  area suggest one or perhaps two 
broadly l in e a r  source terranes fo r  the placer which are roughly 
coincident w ith  the extrapolated trend of  the leucocrat ic  dike swarm 
and associated megacrysts.
The provenance o f  the rare  earth minerals may be those areas of  
leucocra t ic  g ran i te  and older b a th o l i th ic  rocks affected by the la te  
f l u i d  phase of  c r y s t a l l i z a t io n .  Mapping of  the leucocrat ic  dike 
swarm to the northwest, and more d e ta i le d  study of  the mineralogy 
and petrology o f  these rocks and t h e i r  heavy mineral suites may shed 
add it iona l  l i g h t  on th is  tenuous connection.
CHAPTER V I I  
CONCLUSIONS
The Red Mountain-Bull Trout Point area contains a v a r ie ty  of  
te x tu ra l  and mineralogical  phases of Idaho b a th o l i th ic  rocks which 
a t t e s t  to separate Cretaceous and T e r t ia r y  thermo-magmatic events. 
Each event is character ized by a su i te  o f  re la ted  in trus ive  rocks 
which d isp lay  an apparent evolution of magma from intermediate to 
f e ls i c  compositions.
Cretaceous Rocks
Four tex tu ra l  and compositional units  o f  the Cretaceous Idaho 
b a th o l i th  which are widespread units in the south-central  and south­
eastern port ion of the A t lan ta  Lobe are found in the area. An 
e a r l i e r  and p a r t ly  remobilized mafic shell  of  f o l ia te d  granodior ite  
is  found as small,  deformed, f a u l t  bounded s l ices  near large meta- 
morphic roof pendants in the f a r  eastern portion of the map area. 
Although re la t io n s  are obscure, successively more f e ls i c  rocks were 
intruded in to  the f o l i a t e d  g ran i te  including granodior ite  porphyry 
and large amounts o f  p o rp h y r i t ic  g ranod ior i te .  The Cretaceous 
in t ru s iv e  episode culminated with the emplacement of  leucocrat ic  
g ra n i te .  Leucocratic  g ran i te  is a la te -s ta g e  d i f f e r e n t ia te d  phase 
which rose p r e f e r e n t i a l l y  along major zones o f  weakness in the batho­
l i t h  from a more mobile and presumably more f e l s i c  core. This un it  
is now found as large discordant dike and s h e e t - l ik e  complexes
1 0 2
103
emplaced along northwest-trending fa u l ts  and f l a t - l y i n g  jo in ts  in 
the Red Mountain area.
A d is c re te ,  pervasive w a te r - r ic h  phase la te  in the c r y s t a l l i z a ­
t ion  h is to ry  o f  the leucocrat ic  g ran i te  is manifested in the forma­
t ion  of  magnetite megacrysts with  b io t i t e -d e p le te d ,  quartz - fe ldspar  
coronas. The la te  magmatic phase contained appreciable amounts of  
dissolved H2O, and may have also contained s ig n i f ic a n t  concentrations  
of base, precious, and ra re -e a r th  metals. Further to the northwest, 
these rocks may serve as provenance fo r  the Bear Va l ley  rare -ear th  
placer deposit .
T e r t i a r y Rocks
Two comagmatic su ites  o f  in t ru s iv e  rocks o f  probably Eocene age 
have been id e n t i f i e d  in the Red Mountain-Bull Trout Point area.  
In trus ion  of an e a r l i e r  su i te  o f  quartz d i o r i t e  to granodior i te  and 
g r a n i t i c  p lu tonic  rocks was accompanied by in je c t io n  of  re la ted  
quartz l a t i t e  to l a t i t e  dikes. A l a t e r  su i te  of pink g ran i te ,  with  
a d i f f e r e n t ia t e d  cap and marginal fac ies  o f  a la s k i te ,  and associated  
r h y o l i t i c  dikes was emplaced in the v i c i n i t y  o f  Bull Trout Point.
Dikes or ig ina ted  from t h e i r  re la ted  plutonic  source as upward 
and l a t e r a l l y  in jec ted  apophyses o f  p a r t ly  c r y s t a l l i z e d  magma. The 
dikes were in jec ted  before ,  during and a f t e r  f in a l  emplacement of  
t h e i r  upwardly migrating p lu tonic  source and some of the e a r l i e r  dikes 
were subsequently intruded by the pluton. L inear trends on s i l i c a  
v a r ia t io n  diagrams fu r th e r  ind ica te  tha t  both suites o f  T e r t ia r y
104
in t ru s iv e  rocks may be derived from a common magmatic source a t  
depth.
Both in t ru s iv e  suites were f o r c ib ly  emplaced into  r e la t i v e ly  
b r i t t l e  crust  w ith in  2 kilometers o f  the surface. Plutons were 
in p a r t  emplaced along p re -ex is t in g  or syntectonic northeast-trending  
high angle normal fa u l ts  some of  which show recurrent movement during 
Quaternary time. East-west extension was also promoted by intrusion  
of dikes along pervasive north- to northeast-trending f rac tures .
Radial f ra c tu re s ,  probably generated during emplacement of the two 
T e r t ia r y  masses, were not the primary s t ru c tu ra l  controls fo r  dike  
emplacement. I t  is suggested, th e re fo re ,  th a t  a l l  in t ru s ive  rocks 
of known or suspected Eocene age, were generated and emplaced with in  
a p re -ex is t in g  zone of  s t ru c tu ra l  weakness characterized by nearly  
east-west c rusta l  extension and in te rp re ted  here as a northeast-  
trending in c ip ie n t  crusta l  r i f t .  Deep-seated north- to northeast-  
trending f a u l t in g  and f is s u r in g  during th is  period o f  extension may have 
also provided c i rc u la t io n  pathways fo r  widespread hydrothermal systems 
centered around the T e r t ia r y  in t rus ions .
Relating T e r t ia r y  dikes with plutons in the Red Mountain-Bull 
Trout Point area may have important implications fo r  the in te rp re ta t io n  
of subsurface geology and fu ture  mineral explorat ion  in the Idaho 
Porphyry B e l t .  Chemical and pétrographie analyses o f  dikes in iso­
lated swarms may y ie ld  information as to the nature and composition 
o f  p lu to n ic  sources a t  depth. S im i la r ly ,  dikes which contain s ig n i ­
f i c a n t  amounts o f  base or precious metals may serve as ind icators  fo r  
buried or "b lind" porphyry deposits.
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